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For normal natural gases with compositions defined by their specific 
gravities, Table 12-3 and Figure 12^1 present some critical pressure and 
temperature values for hydrate-forming conditions. 

Figure 12—4 shows hydrate-forming conditions for natural gases with var¬ 
ious specific gravities. A rigorous technique for predicting conditions for 
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Table 12-3 Hydrate-Forming Conditions of Natural Gases 
(Courtesy of SPE-AIME) 


Temperature 

°F 

Gas-Specific Gravity (air = 1) 

Methane 


■ 

0.8 

0.9 

1 

32 

381 

150 

95 

76 

60 

50 

40 

600 

243 

165 

132 

105 

90 

45 

800 

335 

230 

188 

150 

136 

50 

1,100 

470 

335 

267 

220 

200 

55 

1,500 

658 

462 

381 

335 

300 

60 

2,150 

900 

650 

550 

500 

450 

65 

3,000 

1,380 

1,000 

851 

780 

700 

70 

4,122 

2,463 

1,860 

1,500 

1,400 

1,300 

75 


4,000 

3,400 

2,980 

2,670 

2,460 



Figure 12-4 Hydrate-forming conditions of natural gases 
(Courtesy of SPE-AIME). 





















































































12.3 Hydrate Control 257 


hydrate formation involves the use of vapor/solid equilibrium constants 
such as that given by Katz et al. (1945). The calculations are analogous to 
a dew point calculation for multicomponent mixtures. This method of 
hydrate prediction has proved to be rather reliable. 

It is convenient to divide hydrate formation into two categories: 
(a) hydrate formation due to a decrease in temperature with no sudden 
pressure drop, such as in the flow string or pipelines, and (b) hydrate for¬ 
mation where a sudden expansions occurs, such as in the flow provers, 
orifices, back-pressure regulators, or chokes. For problems in category 
(a), Figure 12^1 gives approximate values of the hydrate temperature as a 
function of pressure and specific gravity. Hydrates will form whenever 
temperature and pressure plot to the left of the hydrate formation line for 
the gas in question. For problems in category (b). Figure 12-5 through 
Figure 12-8 may be used to approximate the conditions for hydrate for¬ 
mation. These figures are strictly applicable to sweet natural gases. They 
may be used for sour gases, keeping in mind that the presence of H 2 S and 
C0 2 will increase the hydrate temperature and reduce the pressure above 
which hydrates will form. In other words, the presence of H 2 S and C0 2 
increases the possibility of hydrate formation. A number of computer 
packages are available in the natural gas industry for prediction of 
hydrate-forming conditions. 

Example Problem 12.3 

A gas of specific gravity 0.7 is at a pressure of 1,000 psia. 
Assuming presence of free water, (a) to what extent can the tem¬ 
perature be lowered without hydrate formation? (b) how far can 
the gas be expanded without hydrate formation, if the initial gas 
temperature is 100 °F? (c) how far can the gas be expanded 
without hydrate formation, if the initial gas temperature is 80 °F? 

Solution 

(a) From Figure 12-4 at a specific gravity of 0.7 and a pres¬ 
sure of 1,000 psia, hydrate temperature is 65 °F. Thus, 
hydrates may form at or below 65 °F. 

(b) From Figure 12-6, the intersection of the 1,000 psia ini¬ 
tial pressure line with the 80 °F initial temperature curve 
gives a final pressure of 620 psia. Hence, this gas may 
be expanded to a final pressure of 620 psia without a 
possibility of hydrate formation. 




Initial pressure, psia 
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100 150 200 300 400 600 800 1000 1500 2000 3000 4000 


Final pressure, psia 

Figure 12-5 Permissible expansion of a 0.60-specific gravity natural gas 
without hydrate formation (Courtesy of Gas Processors Suppliers Association). 

(c) From Figure 12-6, the 100 °F initial temperature curve 
does not intersect the 1,000 psia initial pressure line. 
Hence, this gas may be expanded to atmospheric pres¬ 
sure without hydrate formation. 
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too 150 200 300 400 600 800 1000 1500 2000 3000 4000 

Final pressure, psia 

Figure 12-6 Permissible expansion of a 0.70-specific gravity natural gas 
without hydrate formation (Courtesy of Gas Processors Suppliers Association). 


12.3.2 Preventing Hydrate Formation 

The hydrate formation lines in Figure 12-4 indicate that hydrate forma¬ 
tion can be prevented by heating if the pressure and water content of the 
gas remain constant. If the pipelines and equipment must be maintained 
below the hydrate temperature, the water must be inhibited for trouble- 
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Figure 12-7 Permissible expansion of a 0.80-specific gravity natural gas 
without hydrate formation (Courtesy of Gas Processors Suppliers Association). 

free operation. Guo et al. (2005b) discuss hydrate mitigation strategies for 
gas pipelines. 

Methanol, Ethylene Glycol (EG), and Diethylene Glycol (DEG) are com¬ 
monly injected into gas streams to depress the freezing point. All of these 
inhibitors can be recovered and recycled; however, the recovery of meth¬ 
anol is often uneconomical. Hydrate inhibitor injection does not always 
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Figure 12-8 Permissible expansion of a 0.90-specific gravity natural gas 
without hydrate formation (Courtesy of Gas Processors Suppliers Association). 


provide the ultimate degree of dehydration specified by the purchaser or 
required by the process conditions. 

Methanol injection systems are frequently installed at facilities where low 
gas volumes prohibit dehydration. They are also temporarily used for sit¬ 
uations where hydrate inhibition requires high capital investment equip¬ 
ment before a decision regarding a permanent facility is made. These 
systems have been utilized in fields where hydrate problems are relatively 
mild, infrequent, seasonal, or expected during start-up. The EG and DEG 
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are injected primarily at low-temperature processing plants for extracting 
natural gas liquids. The glycol prevents freezing in these plants during the 
condensation of water and hydrocarbons. The water phase of the process 
liquid contains the EG or DEG, which is always recovered and regenerated. 

The minimum amount of hydrate inhibitor required can be calculated 
using Hammerschmidt’s (1939) method: 


W h = — {MW) ‘ih At .k —xlOO 
(MW) inh At h + K h 


(12.16) 


where 


Wf, = weight of pure inhibitor in liquid water phase, % 

(MW), n ^ = molecular weight of inhibitor 

At f j = depression of hydrate formation temperature, °F 

Kjj = Hammerschmidt constant for inhibitor, 2,335 for methanol, 
4,000 for EG and DEG 

If glycol is used as the inhibitor at an operating temperature of below 
20 °F, the freezing point of the glycol must be considered. It is a common 
practice to keep the glycol concentrations ( W h ) between 60 and 80 wt % 
to avoid “mushy” glycol in the system (Kohl and Riesenfeld 1985). If the 
calculated W h value from Equation (12.16) is less than 60 percent, the 
quantity of inhibitor required should be calculated by a material balance: 


or 


W G =hoo 


100 


m) 

w I 

in J 


Aoo ~ 


' 100 100 "I 

w w I 

V out vr m / 


(12.17) 


(12.18) 


where 


W G = water removed from gas stream, lb m /MMscf 
1 loo = P ure inhibitor required, lb m /MMscf 
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W out = concentration of inhibitor in outlet inhibitor stream, wt % 
W in = concentration of inhibitor in inlet inhibitor stream, wt % 

Combining equations (12.16) and (12.18) to eliminate W out gives: 


j = __ 

100 i | k h 100 (12.19) 

(MW) mh At h W in 

If methanol is used as the inhibitor, the vapor-phase inhibitor losses 
should also be considered. The following correlation has been obtained 
based on Jacoby’s (1955) chart: 


lb m MeOH/MMscf 
WT % NeOH in Water 


f(P,t) 


( 12 . 20 ) 


where 


p = pressure, psia 
t = temperature, °F 

Example Problem 12.4 

Ten MMscfd of a 0.7 specific gravity natural gas cools down to 
40 °F in a buried pipeline. The minimum pipeline pressure is 900 
psia. Concentrations of commercially available glycol and meth¬ 
anol inhibitors are 75% and 100% by weight, respectively. What 
volume of inhibitor solution must be added daily if the gas enters 
a line saturated at 90 °F? Consider both DEG and MeOH 
inhibitors. 

Solution 

This problem can be solved quickly with two spreadsheet pro¬ 
grams. Spreadsheet Glycollnjection.xls is for glycol injection cal¬ 
culations; while Methanollnjection.xls is for methanol injection 
calculations. Solutions to this example problem are shown in 
Tables 12.4, 12.5, and 12.6 for glycol and methanol inhibitions, 
respectively. 




264 chapter 12 Special Problems Click to View Calculation Example 


Table 12-4 Glycol Inhibition Input Data Given by 
Glycollnjection.xls 3 

Instructions: 1) Update input data; 2) View result. 

Input Data 

Gas flow rate: 



10 MMscfd 

Gas-specific gravity (Y g ): 



0.7 air = 1 

Minimum pressure (p m ): 



900 psia 

Inlet gas temperature (t|): 



LL 

o 

O 

o> 

Hydrate temperature p m : 



64 °F 

Operating temperature (t 0 ): 



LL 

o 

O 

Water content at t, and p m : 



48 Ib/MMscf 

Water content at t 0 and p m : 



9.6 Ib/MMscf 

Inhibitor data: (l=Ye?SLNo) 

W in 

W out Density 

EG 

1 

75% 

65% 9.08 ppg 

DEG 

0 

75% 

65% 9.08 ppg 

Concentration of inhibitor in its commercial solution: 

75 Wt % 

a. This spreadsheet calculates the minimum amount of required inhibitor usage. 


Table 12-5 Glycol Inhibition Calculations and Results Given by 

Glycollnjection.xls click to View Calculation Example 

Intermediate Calculations 

Water to be removed from gas (w G ): 

38.4 Ib/MMscf 

Molecular weight of inhibitor (MW) jnh : 

62 

Density of inhibitor <pj n h): 

9.08 ppg 

Hammerschmidt constant for inhibitor (K H ): 

4,000 

Depression of hydrate formation temperature (At h ): 

24 °F 

W out for the selected inhibitor: 

65 Wt % 

W jn for the selected inhibitor: 

75 Wt % 

Inhibitor requirement based on Hammerschmidt’s method: 
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Click to View Calculation Example 


Table 12-5 Glycol Inhibition Calculations and Results Given by 
Glycollnjection.xls (Continued) 


lb m MeOH/MMscf 

f(P,t) = 27.11 Wt% 


WT % NeOH in Water 



Inlet concentration to be used 

75 Wt % 


J _ 

W a 



MOO ~ 

( 100 100 N 

= 187.20 Ib/MMscf 



w w 

\ out yv in y 



Result 


Required volume of commercial inhibitor solution 249.6 Ib/MMscf 


Required weight of commercial inhibitor solution 27.49 gal/MMscf 


Hourly inhibitor injection rate 

11.45 gal/hour 


Daily inhibitor injection rate 

274.89 gal/day 


Table 12-6 Methanol Inhibition Input Data and Calculations Given 

by Methanollnjection.xls*Click to View Calculation Example 

Instructions: 1) Update input data; 2) View result. 

Input Data 



Gas flow rate: 


10 MMscfd 

Gas-specific gravity (y g ): 

0.7 air = 1 

Minimum pressure (p m ): 

900 psia 

Inlet gas temperature (tj): 

90 °F 

Hydrate temperature at p m : 

64 °F 

Operating temperature (t 0 ): 

40 °F 

Water content at tj and p m : 

48 Ib/MMscf 

Water content at t 

o Pm* 

9.6 Ib/MMscf 

Inhibitor solution density: 

6.64 ppg 

Inhibitor concentration (W in ): 

100Wt% 
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Table 12-6 Methanol Inhibition Input Data and Calculations Given 

by Methanollnjection.xls a (Continued) 


Intermediate Calculations 

Water to be removed from gas (w G ): 

38.4 Ib/MMscf 

Molecular weight of inhibitor (MW) inh : 

32 

Hammerschmidt constant for inhibitor (K H ): 

2,335 

Depression of hydrate formation temperature (At h ): 

24 °F 

Inhibitor requirement based on Hammerschmidt’s method: 

(MW) inh At h xl0() 

(MW) inh At h + K h 

24.75 Wt % 

Liquid phase: 


w G 

r 100 100) = 12.63 Ib/MMscf 

w w 

V vv out vr in ) 


Gas phase: 

lb m MeOH/MMscf x 

-®-= f(P,t) 

WT % NeOH in Water 

= 1.05 

Inhibitor requirement: 

25.99 Ib/MMscf 

System total: 

Inhibitor requirement: 

38.62 Ib/MMscf 

Daily injection rate: 

386.18 Ib/day 

58.16 gal/day 

Hourly injection rate: 

2.42 gal/hour 


a. This spreadsheet calculates the minimum amount of required inhibitor usage 
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12.4 Pipeline Cleaning 

Gas pipelines are cleaned with tools called pigs. The term pig was origi¬ 
nally used to refer to Go-Devil scrapers driven through the pipeline by the 
flowing fluid trailing spring-loaded rakes to scrape wax off the internal 
walls. One of the tales about the origin of the name pig is that the rakes 
made a characteristic loud squealing noise. Pipeline operators now use the 
word pig to describe any device made to pass through a pipeline for 
cleaning and other purposes. The process of driving the pig through a 
pipeline by fluid is called a pigging operation. 

Although pigs were originally developed to remove deposits, which could 
obstruct or retard flow through a pipeline, today pigs are used during all 
phases in the life of a pipeline and for many different reasons. During 
pipeline construction, pigging is used for removing debris, gauging, 
cleaning, flooding, and dewatering. During fluid production operations, 
pigging is utilized for removing wax in oil pipelines, removing liquids in 
gas pipelines, and meter proving. Pigging is widely employed for pipeline 
inspection purposes such as wall thickness measurement and detection of 
spanning and burial. Pigging is also run for coating the inside surface of a 
pipeline with inhibitors and providing pressure resistance during other 
pipeline maintenance operations. Figure 12-9 shows pipeline deposits 
displaced by a pig. This chapter describes how to apply different pigging 
techniques to solve various problems in the pipeline operations. 


r 



Figure 12-9 Pipeline deposits that could obstruct or retard flow through a 
pipeline (Courtesy of Pigging Products & Services Association). 
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12.4.1 Pigging System 

A pigging system includes pigs, a launcher, and a receiver. It also 
includes pumps and compressors, which are not discussed here because 
they have to be available for transporting the product fluids anyway. 
Obviously pigs are the most essential equipment. Although each pipeline 
has its own set of characteristics that affects how and why pigging is uti¬ 
lized, there are basically three reasons to pig a pipeline: (1) to batch or 
separate dissimilar products; (2) to displace undesirable materials; and (3) 
to perform internal inspections. The pigs used to accomplish these tasks 
fall into three categories: 

• Utility pigs: used to perform functions such as cleaning, separating, 
or dewatering 

• In-line inspection tools: provide information on the condition of the 
line, as well as the extent and location of any problems 

• Gel pigs: used in conjunction with conventional pigs to optimize 
pipeline dewatering, cleaning, and drying tasks 


12.4.1.1 Utility Pigs 

Utility pigs can be divided into two groups based upon their fundamental 
purpose: (1) cleaning pigs used to remove solid or semisolid deposits or 
debris from the pipeline, and (2) sealing pigs used to provide a good seal 
in order to either sweep liquids from the line, or provide an interface 
between two dissimilar products within the pipeline. Within these two 
groups, a further subdivision can be made to differentiate among the var¬ 
ious types or forms of pigs: spherical pigs, foam pigs, mandrel pigs, and 
solid cast pigs. 

Spherical pigs, or spheres, are of either a solid composition or inflated to 
their optimum diameter with glycol and/or water. Figure 12-10 shows 
some spheres. Spheres have been used for many years as a sealing pig. 
There are four basic types of spheres: inflatable, solid, foam, and soluble. 
Soluble spheres are usually used in crude oil pipelines containing microc¬ 
rystalline wax and paraffin inhibitor. Spheres normally dissolve in a few 
hours. The dissolving rate depends on fluid temperature, fluid movement, 
friction, and absorbability of the crude. If the line has never been pigged, 
it is a good idea to run the soluble pig. If it hangs up in the line, it will not 
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obstruct the flow. Inflatable spheres are manufactured of various elas¬ 
tomers (polyurethane, neoprene, nitrile, and Viton) depending on their 
applications. An inflatable sphere has a hollow center with filling valves 
that are used to inflate the sphere with liquid. Spheres are filled with 
water, or water and glycol and inflated to the desired size. Spheres should 
never be inflated with air. Depending on the application and material, the 
sphere is inflated 1 to 2 percent more than the pipe’s inside diameter. As 
the sphere wears from service, it is resized, extending its life. In small 
sizes the sphere can be manufactured solid, eliminating the need to inflate 
it. The solid sphere does not have the life of an inflatable sphere because 
it cannot be resized. Spheres can also be manufactured from open cell 
polyurethane foam. They can be coated with a polyurethane material to 
give better wear. For cleaning purposes they can have wire brushes on the 
surface. The advantages of the foam sphere are that they are lightweight, 
economical, and do not need to be inflated. Spheres in general are easy to 
handle, and negotiate short radius 90° irregular turns and bends. They go 
from smaller lateral lines to larger main lines and are easier to automate 
than other styles of pigs. Spheres are commonly used to remove liquids 
from wet gas systems, serve to prove fluid meters, control paraffin in 
crude oil pipelines, flood pipelines to conduct hydrostatic tests, and dew¬ 
ater after pipeline rehabilitation or new construction. Special design con¬ 
siderations for the pipeline should be considered when using spheres. 
They should never be run in lines that do not have special flow tees 
installed. 



Figure 12-10 Some spheres used in the pipeline pigging operations 
(Courtesy of Girard Industries, Inc.). 
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Foam pigs, also known as Polly-Pigs, are molded from polyurethane foam 
with various configurations of solid polyurethane strips and/or abrasive 
materials permanently bonded to them. Figure 12-11 demonstrates a 
foam pig and how it works. 


bdkJS 


(a) 



(to) 


Figure 12-11 (a) A foam pig; (b) An ideal foam pig cleaning the pipeline 
(Courtesy of Montauk Service, Inc.). 

Foam pigs are molded from open cell polyurethane foams of various den¬ 
sities ranging from light density (2 lbs/ft 3 ), medium density (5 to 8 lbs/ft 3 ), 

to heavy density (9 to 10 lbs/ft 3 ). They are normally manufactured in a 
bullet shape. They can be bare foam or coated with a 90-durometer poly¬ 
urethane material. The coated pigs may have a spiral coating of polyure¬ 
thane, various brush materials, or silicon carbide coating. If the pig is of 
bare foam, it will have the base coated. The standard foam pig length is 
twice the diameter. Foam pigs are compressible, expandable, lightweight, 
and flexible. They travel through multiple diameter pipelines, go around 
mitered bends, and short radius 90° bends. They make abrupt turns in tees 
so laterals can be cleaned. They also go through valves with as little as a 
65 percent opening. The disadvantages of foam pigs are that they are one¬ 
time use products; shorter length of runs and high concentrations of some 
acids will shorten life. Foam pigs are also inexpensive. Foam pigs are 
used for pipeline proving, drying, and wiping; removal of thick soft 
deposits; condensate removal in wet gas pipelines; and pigging multiple 
diameter lines. Foam pigs coated with a wire brush or silicon carbide are 
used for scraping and mild abrasion of the pipeline. 





12.4 Pipeline Cleaning 271 


A mandrel pig has a central body tube, or mandrel, and various compo¬ 
nents can be assembled onto the mandrel to configure a pig for a specific 
duty. Figure 12-12 demonstrates some mandrel pigs. 



Figure 12-12 Some mandrel pigs used in pipeline pigging operations 
(Courtesy of Girard Industries, Inc.). 

The pig is equipped with wire brushes or polyurethane blades for cleaning 
the line. The mandrel pig can be either a cleaning pig, sealing pig, or a 
combination of both. The seals and brushes can be replaced to make the 
pig reusable. Cleaning pigs are designed for heavy scraping and can be 
equipped with wire brushes or polyurethane blades. These pigs are 
designed for long runs. Bypass holes in the nose of the pig control the 
speed or act as jet ports to keep debris suspended in front of the pig. The 
cost of redressing the pig is high, and larger pigs require special handling 
equipment to load and unload the pig. Occasionally the wire brush bristles 
break off and get into instrumentation and other unwanted places. Smaller 
size mandrel pigs do not negotiate 1,5D bends. 

Solid cast pigs are usually molded in one piece from polyurethane, how¬ 
ever, neoprene, nitrile, Viton, and other rubber elastomers are available in 
smaller size pigs. Figure 12-13 demonstrates some solid cast pigs. Solid 
cast pigs are considered sealing pigs although some solid cast pigs are 
available with wraparound brushes and can be used for cleaning purposes. 
The solid cast pig is available in cup, disc, or a combination cup/disc 
design. Most of the pigs are of one-piece construction but several manu¬ 
facturers have all urethane pigs with replaceable sealing elements. Because 
of the cost to redress a mandrel pig, many companies use the solid cast pig 
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Figure 12-13 Some solid cast pigs used in pipeline pigging operations 
(Courtesy of Apache Pipeline Products, Inc.). 

up through 14 or 16 inches. Some solid cast designs are available in sizes 
of up to 36 inches. Solid cast pigs are extremely effective in removing liq¬ 
uids from product pipelines, removing condensate and water from wet gas 
systems, and controlling paraffin buildup in crude oil systems. 



12.4.1.2 In-Line Inspection Tools 

In-line inspection tools are used to carry out various types of tasks 
including: 

• measuring pipe diameter/geometry 

• monitoring pipeline curvature 

• determining pipeline profile 

• recording temperature/pressure 

• measuring bend 

• detecting metal-loss/corrosion 

• performing photographic inspection 

• detecting cracks 
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• measuring wax deposition 

• detecting leaks 

• taking product samples 

• mapping 

A typical in-line inspection tool is an ultrasonic tool shown in Figure 12-14. 
Ultrasonic in-line inspection tools are used for measuring metal loss and 
detecting crack of pipelines. Ultrasonic tools are especially suitable if 
there are high requirements regarding sensitivity and accuracy, which is 
especially relevant in offshore pipelines. Ultrasonic tools are also well 
suited with regard to the range of wall thickness usually experienced in 
offshore lines. 



Figure 12-14 An ultrasonic inspection tool 
(Courtesy of Pigging Products and Services Association). 


12.4.1.3 Gel Pigs 

Gel pigs have been developed for use in pipeline operations, either during 
initial commissioning, or as part of a continuing maintenance program. 
Figure 12-15 shows how gel pigs work The principle pipeline applica¬ 
tions for gel pigs are as follows: 

• product separation 

• debris removal 
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• line filling/hydrotesting 

• dewatering and drying 

• condensate removal from gas lines 

• inhibitor and biocide laydown 

• special chemical treatment 

• removal of stuck pigs 


Drive 
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Figure 12-15 Application of gel pigs in pipeline pigging operations. 

Most pipeline gels are water-based, but a range of chemicals, solvents, 
and even acids can be gelled. Some chemicals can be gelled as the bulk 
liquid and others only diluted in a carrier. Gelled diesel is commonly used 
as a carrier of corrosion inhibitor in gas lines. The four main types of gel 
used in pipeline applications are batching or separator gel, debris pickup 
gel, hydrocarbon gel, and dehydrating gel. The gel can be pumped 
through any line accepting liquids. Gel pigs can be used alone (in liquid 
lines), in place of batching pigs, or in conjunction with various types of 
conventional pigs. When used with conventional pigs, gelled pigs can 
improve overall performance while almost eliminating the risk of sticking 
a pig. Gel pigs do not wear out in service like conventional pigs. They 
can, however, be susceptible to dilution and gas cutting. Care must be 
taken when designing a pig train that incorporates gel pigs to minimize 
fluid bypass of the pigs, and to place a conventional pig at the back of the 
train when displacing with gas. Specially formulated gels have also been 
used to seal gate valves during hydrostatic testing. Gels have been devel¬ 
oped with a controlled gellation time and a controlled viscosity for tempo¬ 
rary pipeline isolation purposes. 
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12.4.1.4 Launchers and Receivers 

Pigs generally need specially designed launching and receiving vessels 
(launcher and receiver) to introduce them into the pipeline. The launcher 
and receiver are installed at the upstream and downstream of the pipeline 
section being pigged, respectively. The distance between the launcher and 
receiver depends on the service, location of pump (liquid product) or 
compressor (gas product) stations, operating procedures, and the mate¬ 
rials used in the pig. In crude oil pipeline systems, the distance between 
launcher and receiver can be as long as 500 miles for spheres and 300 
miles for pigs. The amount of sand, wax, and other materials carried 
along the pig can affect the proper distance. In gas transmission service, 
the distance between the launcher and receiver can be as long as 200 
miles for spheres and 100 miles for pigs, depending on the amount of 
lubrication used. 

The launcher and receiver consist of a quick opening closure for access, 
an oversized barrel, a reducer and a neck pipe for connection to the pipe¬ 
line. Pigs can be located using fixed signalers along the pipe or electronic 
tracking systems mounted inside the pig. 

Typical configurations of pig launchers and receivers for gas service are 
depicted in Figure 12-16 and Figure 12-17, respectively. The inclined 
barrels should be long enough to hold ten or more spheres. In large-diam¬ 
eter gas pipelines, the barrel diameter can be one inch larger than the 
pipeline. 


12.4.2 Selection of Pigs 

The purpose of operational pigging is to obtain and maintain efficiency of 
the pipeline to be pigged. The pipeline’s efficiency depends on two 
things: first, it must operate continuously, and second, the required 
throughput must be obtained at the lowest operating cost. The type of pig 




276 Chapter 12 Special Problems 


Blowdown 


Pressure Indicator 



Tee 


Figure 12-16 A typical configuration of a pig launcher for gas services. 



Figure 12-17 A typical configuration of a pig receiver for gas services. 
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to be used and its optimum configuration for a particular task in a partic¬ 
ular pipeline should be determined based upon several criteria including: 

Purpose of pigging 

• type, location, and volume of the substance to be removed or 
displaced 

• type of information to be gathered from an intelligent pig run 

• objectives and goals for the pig run 

Line contents 

• contents of the line while pigging 

• available versus required driving pressure 

• velocity of the pig 

Characteristics of the pipeline 

• the minimum and maximum internal line sizes 

• the maximum distance the pig must travel 

• the minimum bend radius and bend angles 

• additional features such as valve types, branch connections, and the 
elevation profile 


12.4.2.1 Cleaning Pigs 

Cleaning pigs are designed to remove solids or accumulated debris in the 
pipeline. This increases the efficiency and lowers the operating cost. They 
have wire brushes to scrape the walls of the pipe to remove the solids. 
Pigs 14 inches and smaller normally use rotary wire wheel brushes. These 
brushes are easy to replace and inexpensive. Special rotary brushes are 
used on some larger pigs. Larger pigs have wear-compensating brushes. 
These brushes can be individually replaced as needed and are mounted on 
either leaf springs, cantilever springs, or coil springs. The springs push 
the brushes against the pipe wall. As the wire brushes wear, the force of 
the spring keeps it in contact with the pipe wall compensating for the 
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brush wear. There are many different brush materials available. The stan¬ 
dard brushes are made of fine or coarse carbon steel wire. Prostran is the 
material of choice for pipelines with internal coatings. Some service 
requires a stainless steel brush. Special brush designs such as the pit 
cleaning brush are also available. When soft deposits of paraffin, mud, 
and so forth, need to be removed, the urethane blade is an excellent 
choice. The blade design is interchangeable with the brushes. Bypass 
ports are installed in the nose of the pig or on the body. These ports are 
used to control fluid bypass. If the ports are on the body of the pig, the 
flow will also flow through the brushes and keep them clean. As the fluid 
passes through the ports on the nose of the pig, it helps keep the debris in 
front of the pig stirred up and moving. Plugs are used to regulate the 
bypass. The sealing elements are either elastomer cups or discs. They are 
used as a combination cleaning and sealing element to remove soft 
deposits. Cups are of standard or conical design. Specialty cups are avail¬ 
able for some applications. The cup and disc material is normally manu¬ 
factured from a polyurethane material, which gives outstanding abrasion, 
and tear resistance but is limited in temperature range. Neoprene, nitrile, 
EPDM, and Viton are available for higher temperature applications. 

The best choice for cleaning applications are normally pigs with discs, 
conical cups, spring mounted brushes, and bypass ports. Figure 12-18 
shows details of two pigs of this type. Discs are effective for pushing out 
solids and providing good support for the pig. Conical cups provide 
sealing characteristics, good support, and long wear. Spring-mounted 
brushes provide continuous forceful scraping for removal of rust, scale, 
and other buildups on the pipe wall. Instead of brushes, polyurethane 
scraper blades can also be selected for cleaning waxy crude oil lines 
because the scraper blades are easier to clean than brushes. Bypass ports 
allow some of the flow to bypass through the pig. This can help mini¬ 
mizing solids buildup in front of the pig. For a new pipeline construction, 
it is a good practice to include a magnetic cleaning assembly in the pig. 


12.4.2.2 Gauging Pigs 

Gauging pigs are used after constructing the pipeline to determine if there 
are any obstructions in the pipeline. These obstructions can be caused by 
partially closed valves, wrinkle bends, ovality caused by overburden, 
dents caused by rocks underneath the pipe, third-party damage, and 
buckles caused by flooding, earthquakes, and so forth. A gauging pig 
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Figure 12-18 Some mandrel pigs used in pipeline pigging operations 
(Courtesy of T. D. Williamson, Inc.). 


assures that the ovality of the line is within accepted tolerance. The 
gauging plate may be mounted on the front or rear of the pig and is made 
of a mild steel or aluminum. The plate may be slotted or solid. The outside 
diameter of the plate is 90 to 95 percent of the pipe's inside diameter. 
Gauging runs are normally done during new construction and prior to run¬ 
ning a corrosion inspection pig. The best practice is to choose inspection 
tools that can provide critical information about the line such as deter¬ 
mining the location (distance), o’clock position, and severity of a 
reduction. 

12.4.2.3 Caliper Pigs 

Caliper pigs are used to measure pipe internal geometry. They have an array 
of levers mounted in one of the pig cups. The levers are connected to a 
recording device in the pig body. The body is normally compact, about 
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60 percent of the internal diameter, which, combined with flexible cups, 
allows the pig to pass constrictions up to 15 percent of bore. Caliper pigs can 
be used as gauging pigs. The ability of a caliper pig to pass constrictions 
means minimum risk of jamming. This is very important for subsea pipe¬ 
lines where it would be very difficult and expensive to locate a stuck pig. 


12.4.2.4 Displacement Pigs 

Displacement pigs displace one fluid with another based on a sealing 
mechanism. They can be bidirectional or unidirectional in design. They 
are used in the testing and commissioning phase of the pipeline, that is, 
hydrostatic testing, line fills, and dewatering, and so forth. Line evacua¬ 
tion and abandonment is another application for the displacement pig. 
Bidirectional (Figure 12-19) pigs can be sent back to the launch site by 
reversing flow should they encounter an obstacle. They are also used in 
filling and dewatering associated with hydrostatic testing when the water 
used to fill the line has to be pushed back to its source after completion of 
a test. The best choice of displacement pigs are normally pigs with multi¬ 
lipped conical cups (Figure 12-20). Conical cups can maintain contact 
with the pipe wall even in out-of-round pipe, which is more common in 
large-diameter pipelines. Conventional cups and discs usually cannot 
maintain a seal in the out-of-round pipe. Multilipped cups have numerous, 
independent sealing lips on each cup which significantly improve their 
ability to maintain a seal. 


12.4.2.5 Profile Pigs 

A profile pig is a gauging pig with multiple gauging plates, usually three 
plates. One plate is mounted on the front, one in the middle, and one on the 
rear of the pig. It is normally used before running an ILI (In-Line Inspection) 
tool to assure the tool’s passage around bends and through the pipeline. 


12.4.2.6 Transmitter Pigs 

Occasionally pigs will get stuck in a line. The location of the stuck pig 
can be found by using a detector pig with a transmitter in its body. The 
transmitter emits a signal so it can be located with a receiver. Transmitters 
are normally mounted into a mandrel, solid cast, or Polly-Pig. 
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Figure 12-19 Some bidirectional pigs used in pipeline pigging operations 
(Courtesy of Apache Pipeline Products, Inc.)- 
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Figure 12-20 Pig with multilipped conical cups 
(Courtesy of T. D. Williamson, Inc.). 

12.4.2.7 Special Pigs 

Many applications require special pigs. Manufacturers in the pigging 
industry have made special pigs for many applications. Figure 12-21 
illustrates that a special pig can be used for spraying corrosion inhibitor to 
the upper side of pipe interior. Dual diameter pigs are designed for pig¬ 
ging dual diameter pipelines. They are usually mandrel pigs fitted with 
solid discs for the smaller line and slotted discs for the larger line. If it is a 
cleaning pig, the brushes will support it in the line and keep the pig cen¬ 
tered. The Polly-Pig is also widely used in this application. 

Other special pigs include pinwheel pigs, which use steel pins with hard¬ 
ened tips. They were developed to remove wax and scale from a pipeline. 
Magnetic cleaning pigs were developed to pick up ferrous debris left in 
the pipeline. 
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Figure 12-21 A special pig for spraying corrosion inhibitor 
(Courtesy of T. D. Williamson, Inc.). 

There are many pig configurations to choose from but some configura¬ 
tions will not work in some pipelines. It is very important to compare 
pipeline information to the pig specifications. The best way to stay out of 
trouble is to provide the pipeline specifications to the pig manufacturer 
and ask them to recommend a pig. 


12.4.3 Major Applications 

Major applications of pigging are found during pipeline construction, 
operation, inspection, and maintenance. Depending on application type 
and pipeline conditions, different kinds of pigs are chosen to minimize the 
cost of pigging operations. Tiratsoo (1992) presents a comprehensive 
description of applications of pigging in the pipeline industry. 


12.4.3.1 Construction 

During pipeline construction, it is quite possible for construction debris to 
get inside the pipeline. The debris could harm downstream equipment 
such as filters and pumps. The only way to remove possible debris is to 
run a pig through the pipeline. Typically, debris removal is done section 
by section as the lay barge moves forward. An air-driven cleaning pig is 
usually sent through the pipeline section to sweep out the debris. Features 
of the cleaning pig should be selected based on anticipated pipeline condi¬ 
tions. The most effective way to clear debris is with the use of a magnetic 
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cleaning assembly, which can be mounted on conventional pigs. The 
removal of this type of debris is a must before attempting to run corrosion 
inspection pigs 

Pipelines subjected to subsea conditions may buckle in certain sections. 
The place for a buckle to occur during pipe laying is most likely the sag 
bend just before the touchdown on the seabed. To detect the buckle, a 
gauging pig is pulled along behind the touchdown point. If the pig 
encounters a buckle, the towing line goes taut indicating that it is neces¬ 
sary to retrieve and replace the buckled section of the pipeline. Features 
of the gauging pig should be selected based on anticipated pipeline condi¬ 
tions. Caliper pigs can be used as gauging pigs after completion of con¬ 
struction. The ability of the caliper pig to pass constrictions can reduce 
the possibility of jamming, which is vitally important for subsea pipelines 
where it would be very difficult and expensive to locate a stuck pig. 

Upon completion of construction, the pipeline should be cleaned to 
remove the rust, dirt, and millscale that contaminate product fluids. These 
contaminates also reduce the effectiveness of corrosion inhibitor. A typ¬ 
ical cleaning operation would consist of sending through a train of dis¬ 
placement pigs with different features suitable to the pipeline conditions. 
Gel slugs are used to pick up the debris in suspension, clearing the pipe¬ 
line more efficiently. Corrosion inhibitor can also be added to the interior 
of the pipeline in the trip of cleaning pigging. 

After cleaning, the pipeline is flooded with water for hydrotest. Air must 
be completely removed so that the pipeline can be pressurized efficiently. 
Pigging with displacement pigs is normally the best solution for flooding a 
pipeline. Use of bidirectional batching pigs is favorable for the afterward¬ 
dewatering operation. 

Upon a successful hydrotest, water is usually displaced with air, nitrogen, 
or the product fluid. Because dewatering is the reverse process of 
flooding, a bidirectional batching pig used to flood the pipeline, left 
during the hydrotest, can be used to dewater the pipeline. In cases of gas 
service pipelines, it is necessary to dry the pipeline to prevent formation 
of hydrates and waxy solids. For this purpose, methanol or glycol slugs 
can be sent through the pipeline between batching pigs. An alternative 
means of drying the pipeline is to vacuum the pipeline with vacuum 
pumps. 
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12.4.3.2 Operation 

During fluid production operations, pigging is utilized to maintain effi¬ 
ciency of pipelines by removing wax in oil pipelines and liquids (water 
and condensate) in gas pipelines. Sometimes pigging operations are for 
meter proving. Pipeline wax is characterized as long-chain paraffin 
formed and deposited in pipelines due to changes in pressure and temper¬ 
ature. Accumulation of wax in a pipeline reduces the effective pipeline 
hydraulic diameter and hence efficiency of the pipeline. A variety of 
cleaning pigs are available to remove wax. Most of them work on the 
principle of causing a bypass flow through the body of the pig over the 
brushes or scrapers and out to the front. The pigs used for removing wax 
should be selected to have features that induce the bypass flow. The 
action of the pig also polishes wax remaining on the pipe wall, leaving a 
surface for low flow resistance of product fluids. To remove hard scale 
deposits, aggressive and progressive pigs are the best choice. They can be 
used with cleaning fluids that help to attack the deposits and/or help to 
keep the deposits in suspension while being pushed out of the line. This is 
a very special application that would normally be provided by a pipeline 
cleaning service company. Samples of the deposits are usually required 
for chemical analysis and to see what cleaning fluids are best suited. 
Sometimes chemical cleaning is used for removal of specific types of pipe 
deposits. Chemical cleaning is a process of using pigs in conjunction with 
environmentally friendly detergent-based cleaning fluids and is almost 
always done by pipeline cleaning service companies. The detergents help 
to suspend solid particles and keep them in a slurry thus allowing removal 
of large volumes of solids in one pig run. Samples of the material to be 
removed from the line are required in order to select the best cleaning 
fluid. The cleaning fluids are captured between batching and cleaning 
pigs and normally a slug of the fluid is introduced in front of the first pig. 

In gas service pipelines, liquid water and/or gas condensate can form and 
accumulate on the bottom of the pipeline. The liquid accumulation 
reduces flow efficiency of the pipeline. It can also develop slug flow 
causing problems with the processing facilities. Different types of dis¬ 
placement and cleaning pigs are available to remove the liquids. Because 
gas is the drive fluid, the pigs used for removing the liquids in the gas 
pipeline should be selected to have features of good sealing. Spheres are 
usually the preferred choice for liquid removal from wet gas systems. 
Most of these systems are designed to automatically (remotely) launch 
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and receive spheres. A large number of spheres can be loaded into the 
automatic launcher and launched at predetermined frequencies. At the 
receiving end of the line is a slug catcher to capture all the liquid pushed 
in by a sphere. If more liquid is brought in than the slug catcher can 
handle, the plant normally shuts down. Thus spheres are launched at a fre¬ 
quency that prevents exceeding the capacity of the slug catcher. Pipeline 
systems are normally designed for use with spheres or pigs but not both. 
Pipelines designed for spheres may require modifications of launchers 
and receivers in order to run conventional pigs. 

To clean pipelines with known internal corrosion, special pigs are avail¬ 
able that have independent scraping wires that will go into a pit to break 
up and remove deposits that prevent corrosion inhibitors from getting to 
the corroding area. Brushes on conventional pigs will not extend into a 
pit. To clean internally coated pipelines, the preferred choice is a pig with 
discs and cups as these will normally remove deposits from the coating 
due to the “teflon-like” characteristics of epoxy coatings. Conventional 
cleaning pigs with “prostran” brushes or polyurethane blades can also be 
used on internally coated pipelines. 


12.4.3.3 Inspection 

A variety of intelligent pigs have been employed for pipeline inspection 
purposes including detection of not only dents and buckles but also corro¬ 
sion pitting, cracks, spanning and burial, and measurement of wall thick¬ 
ness. The information obtained from the pigging operations is used for 
assessment of pipeline safety and integrity. 

Magnetic-flux leakage pigs have been used for detection of dents and 
buckles, and measurement of pipe ovality and wall thickness over the 
entire pipe surface. The principle of magnetic-flux leakage detection 
relies on measurement of metal loss, and hence the size of the defect. 
Usually a series of survey runs over years are required to establish trends. 
Magnetic-flux leakage pigging can be utilized in liquid and gas pipelines. 

An ultrasonic intelligent pig is used to make direct measurement of wall 
thickness of the entire pipe surface. They are better suited to liquid pipe¬ 
lines and cannot be used in gas pipelines without a liquid couplant. 

Pipeline spans have traditionally been found by external inspection using 
side-scan sonar. In recent years, neutron-scatter pigs have been 




12.4 Pipeline Cleaning 287 


employed to detect spanning and burial in subsea pipelines with lower 
cost and better accuracy. 


12.4.3.4 Maintenance 

Pigging is also run for maintenance of pipelines for coating the inside sur¬ 
face of the pipelines, providing pressure resistance, and installing barrier 
valves. Traditionally the internal surfaces of pipe joints are precoated 
with a smooth epoxy liner and leave the welds uncoated. Recently a pig¬ 
ging system has been developed to coat the entire pipeline internal surface 
by first cleaning the surface and then pushing through a number of slugs 
of epoxy paint. 

Shutting down offshore, especially deepwater, pipelines for maintenance 
is very expensive. With advanced technology, it is possible to carry out 
some maintenance jobs without shutting down the pipeline. In cases 
where there are not enough isolation valves, a pressure-resisting plug may 
be pigged into the pipeline to seal off downstream operation. 

Corrosion inhibitors are normally injected into the line on a continuous 
basis and carried through the line with the product flow. Sometimes 
inhibitors are batched between two pigs but there is no way to guarantee 
the effectiveness of this method especially at the twelve o’clock position. 
Special pigs have been developed that spray inhibitor to the top of the 
pipe as they travel through the pipe. This is done using a siphoning effect 
created by bypass flow through an orifice specifically designed to pick up 
inhibitor from the bottom of the pipe. 


12.4.4 Pigging Procedure 
12.4.4.1 Pressure and Flow Rate 

Any pigging operation should follow a safe procedure that is suitable to 
the given pipeline conditions. Operating pigging pressures and fluid flow 
rates should be controlled carefully. Velocity of driving fluid is usually 
between three and five feet per second during pigging. Recommended 
ranges of operating pressures and flow rates are presented in Table 12-7. 
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Table 12-7 Recommended Pigging Pressures and Flow Rates 


Pipe 

Inner 

Diameter 


Typical Pigging 
Pressure (psig) 

Liquid Flow 
Rate (GPM) 

Launching 

Running 

3 FPS 

5 FPS 

100 to 200 

40 to 100 

20 

40 

100 to 150 

35 to 85 

60 

100 

75 to 125 

30 to 80 

110 

190 

50 to 100 

30 to 75 

260 

430 

30 to 80 

25 to 70 

460 

770 

30 to 60 

25 to 50 

720 

1,200 

30 to 50 

20 to 45 

1,040 

1,700 

20 to 50 

15 to 40 

1,400 

2,300 

15 to 45 

10 to 40 

1,800 


15 to 40 

10 to 30 

2,300 


10 to 25 

5 to 20 

2,900 

4,800 

10 to 25 

5 to 20 

4,100 

6,900 

10 to 20 

5 to 15 

6,500 

10,900 

10 to 20 

5 to 10 

9,400 

15,700 

10 to 20 

5 to 10 

11,600 

19,400 

10 to 20 

5 to 10 

12,800 

21,400 

10 to 20 

5 to 10 

16,700 

27,900 

10 to 20 


21,200 

35,300 

10 to 20 


26,200 

43,600 

10 to 20 

5 to 10 

37,700 

62,900 


Gas Flow Rate 
(SCFM) 

5 FPS 10 FPS 


120 240 


580 


760 


930 


1,100 


1,200 


1,200 


1,700 


2,400 


3,200 


4,000 


4,400 


5,800 


7,300 


9,000 


13,000 


14,600 


18,000 


26,000 
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12.4.4.2 Prerun Inspection 

The pig must be in good condition if it is to do the job it was selected to 
do. If the pig has been run before, it should be inspected to assure it will 
run again without stopping in the pipeline. Measure the outside diameter 
of the pig’s sealing surface. This diameter must be larger than the inside 
pipe diameter to maintain a good seal. Inspect the sealing surfaces to 
assure there are no cuts, tears, punctures, or other damage that will affect 
the pig’s ability to run in the pipeline. The unrestrained diameter of brush 
pigs should also be measured to assure that the brushes will maintain con¬ 
tact with the pipe wall during the complete run. When using brush-type 
mandrel cleaning pigs, the brushes should be inspected for corrosion or 
breakage. Every precaution should be taken to prevent these brushes from 
breaking in the pipeline. Loose bristles can damage valves, instrumenta¬ 
tion, and other pipeline equipment. All components of brush-type man¬ 
drel pigs should be checked to be certain that they are tight and in good 
condition. 


12.4.4.3 Pig Launching and Receiving 

Pig launchers are used to launch the pig into the pipeline, and pig 
receivers are used to receive the pigs after they have made a successful 
run. The design of these pig traps will depend on the type of pig to be run 
and pipeline design conditions. Provisions in the station design should 
include handling equipment for pigs 20 inches and larger. Caution should 
be taken for liquid spillage from the pig traps. 

The following pig-launching procedures can be used as a guideline for 
developing operating procedures. Because company policies vary 
regarding whether the pig launcher is left on stream or isolated from the 
pipeline after the pig is launched, the operator should verify that the trap 
is isolated from the pipeline and depressurized before commencing any 
part of the launch procedure. 

To launch pigs, make sure that the isolation valve and the kicker valves 
are closed. In liquid systems, open the drain valve and allow air to dis¬ 
place the liquid by opening the vent valve. In natural gas systems, open 
the vent and vent the launcher to atmospheric pressure. When the pig 
launcher is completely drained (no pressure left), with the vent and drain 
valves still open, open the trap (closure) door. Install the pig with the nose 
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firmly in contact with the reducer between the barrel and the nominal bore 
section of the launcher. Clean the closure seal and other sealing surfaces, 
lubricate if necessary, and close and secure the closure door. Close the 
drain valve. Slowly fill the trap by gradually opening the kicker valve and 
venting through the vent valve. When the filling is completed, close the 
vent valve to allow pressure to equalize across the isolation valve. Open 
the isolation valve. The pig is ready for launching. Partially close the 
main line valve. This will increase the flow through the kicker valve and 
behind the pig. Continue to close the main line valve until the pig leaves 
the trap and moves into the main line as indicated by the pig signaler. 
After the pig leaves the trap and enters the main line, fully open the main 
line valve. Close the isolation valve and the kicker valve. The pig 
launching is complete. 

To receive pigs, make sure the receiver is pressurized. Fully open the 
bypass valve. Fully open the isolation valve and partially close the main 
line valve. Monitor the pig signaler for pig arrival. Close the isolation 
valve and bypass valve. Open the drain valve and the vent valve. Check 
the pressure gauge on the receiver to assure the trap is completely depres¬ 
surized. Open the trap closure and remove the pig from the receiver. 
Clean the closure seal and other sealing surfaces, lubricate if necessary, 
and close and secure the trap (closure) door. Return the receiver to the 
original condition. 


12.4.4.4 Freeing a “Stuck” Pig 

The goals of pigging a pipeline include not only running pigs to remove 
a product or to clean the line, but to do the work without sticking the 
pig. Getting the pig stuck rarely happens in a pipeline that is pigged rou¬ 
tinely, but can happen when pigging a pipeline that has been neglected 
or has never been pigged before. It is a good practice to run a low den¬ 
sity (2 lb/ft 3 ) foam pig in any “suspect” pipeline and examine the foam 
pig for wear patterns, tears, gouges, and so forth. The pigging project 
should be continued only after feeling comfortable that the line is pig- 
gable. If a pig becomes stuck, it is important to identify the cause. 
Retrieving the pig is the first priority. When bidirectional pigs are used, 
the stuck pigs may be recovered with reverse flow. 

Pig tracking is normally done on critical projects and when attempting to 
locate stuck pigs. A pig tracking system consists of a transmitter mounted 
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on the pig, an antenna and a receiver that records and stores each pig pas¬ 
sage. In addition, the operator can see and hear the signal of the pig 
passing under the antenna. The antenna and receiver are simply laid on 
the ground above and in line with the pipe and then the passage of the pig 
is heard, seen, and recorded. Inexpensive audible pig tracking systems are 
also available, however, they cannot be used to find a stuck pig as they 
rely on the noise the pig makes as it travels through the line. Sometimes a 
pig without a transmitter fails to come in to the receiver because it gets 
stuck somewhere in the line. When this happens, the pig cups usually flip 
forward and flow continues around the stuck pig. In order to find the 
stuck pig, another pig with a transmitter is launched and tracked closely at 
all points that are readily accessible. When the transmitter pig passes one 
tracking point but never reaches the next point, it is assumed the trans¬ 
mitter pig has reached the stuck pig and they are both stuck. The line is 
then walked carrying the antenna and receiver until the transmitter pig is 
pinpointed. Both pigs and the debris ahead of the pigs are then removed 
by cutting the pipe behind and well ahead of the stuck pig. 
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12.6 Problems 

12-1 The following data is for a gas well. Predict the minimum 
required gas production rate for liquid removal using both 
Turner’s method and Guo’s method: 

Gas-specific gravity: 0.7 

Tubing diameter: 1.99 in 

Bottom hole pressure: 800 psia 

Bottom hole temperature: 130 °F 

Liquid density: 66 lbm/ft 3 
Interfacial tension: 55 dyne/cm 

12-2 The following data is for a gas well. Predict the minimum 
required gas production rate for liquid removal using both 
Turner’s method and Guo’s method: 

Gas-specific gravity: 0.7 air = 1 

Hole inclination: 0° 

Producing depth: 8,000 ft 

Wellhead pressure: 560 psi 

Wellhead temperature: 70 °F 

Producing zone temperature: 140 °F 
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Condensate gravity: 65 API 
Condensate make: 10 bbl/MMscf 
Tubing ID: 1.995 in 

12-3 A gas of specific gravity 0.65 is at a pressure of 1,200 psia. 
Assuming presence of free water, (a) to what extent can the 
temperature be lowered without hydrate formation? (b) How 
far can the gas be expanded without hydrate formation, if the 
initial gas temperature is 120 °F? (c) How far can the gas be 
expanded without hydrate formation, if the initial gas 
temperature is 100 °F? 

12-4 A gas of specific gravity 0.75 is at a temperature of 100 °F. 
Assuming presence of free water, (a) to what extent can the 
pressure be increased without hydrate formation? (b) How far 
can the gas be expanded from 1,000 psia without hydrate 
formation? 

12-5 Twenty MMscfd of a 0.65-specific gravity natural gas cools 
down to 35 °F in a deepwater pipeline. The minimum pipeline 
pressure is 1,200 psia. What volume of inhibitor solution must 
be added daily if the gas enters a line saturated at 90 °F? 
Consider both DEG and MeOH inhibitors. 
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Pseudopressures of Sweet 
Natural Gases 


Real gas pseudopressure m(p) is defined as 



(A.l) 


where p b is the base pressure that is about 14.7 psia. The pseudopressure 
curves presented in this appendix were generated using gas viscosity 
given by the correlation of Carr, Kobayashi, and Burrows. Gas deviation 
factors were calculated with the correlation of Brill and Beggs. The fol¬ 
lowing correlations were used for computing pseudocritical properties 
with no impurity: 

p P c = 678 - 5 °(y g - °- 5 ) - 206 ' 7 3 , v 2 + 44 °yco 2 + 606 - 7 y/i s s (A.2) 

T pc =326 + 315.70/* -0.5)-240y^ -83.3^ + 133.3y„ jS 
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Figure A-2 Real gas pseudopressure of a sweet natural gas, 
specific gravity 0.65. 
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Figure A-3 Real gas pseudopressure of a sweet natural gas, 
specific gravity 0.70. 



Figure A-4 Real gas pseudopressure of a sweet natural gas, 
specific gravity 0.75. 
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Figure A-5 Real gas pseudopressure of a sweet natural gas, 
specific gravity 0.80. 


* 



Figure A-6 Real gas pseudopressure of a sweet natural gas, 
specific gravity 0.85. 
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Normalized Pressures of Sweet 
Natural Gases 


Real gas normalized pressure n(p) is defined as 

n(p)= j —dp r (B.l) 

o z 

where p r is the pseudoreduced pressure. The normalized pressure curves 
presented in this appendix were generated using gas deviation factors cal¬ 
culated with the correlation of Brill and Beggs. The following correla¬ 
tions were used for computing pseudocritical properties with no impurity: 

Ppc = 678 - 5()( y g - °- 5 ) - 206.7^ + 440y CO2 + 606.7^5 (B.2) 

T pc = 326 + 315.7(y ? - 0.5) - 240^ - 8 3.3y COz +133.3 y^ s (B.3) 
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Normalized pressure of a sweet natural gas, specific gravity 0.60. 
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Figure B-2 Normalized pressure of a sweet natural gas, specific gravity 0.65. 
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Normalized pressure of a sweet natural gas, specific gravity 0.70. 
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Figure B-4 Normalized pressure of a sweet natural gas, specific gravity 0.75. 
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Figure B-5 Normalized pressure of a sweet natural gas, specific gravity 0.80. 
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Figure B-6 Normalized pressure of a sweet natural gas, specific gravity 0.85. 
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Table C-1 F b Basic Orifice Factors—Flange Taps 

Base temperature = 60 °F 
Flowing temperature = 60 °F 
Base pressure = 14.73 psia 
Specific gravity =1.0 


Pipe Sizes—Nominal and Published Inside Diameters, in 


Orifice 

Diameter 

(in) 


2 



3 



4 


1.689 

1.939 

2.067 

2.300 

2.626 

2.900 

3.068 

3.152 

3.438 

0.250 

12.695 

12.707 

12.711 

12.714 

12.712 

12.708 

12.705 

12.703 

12.697 

0.375 

28.474 

28.439 

28.428 

28.411 

28.393 

28.382 

28.376 

28.373 

28.364 

0.500 

50.777 

50.587 

50.521 

50.435 

50.356 

50.313 

50.292 

50.284 

50.258 

0.625 

80.090 

79.509 

79.311 

79.052 

78.818 

78.686 

78.625 

78.598 

78.523 

0.750 

117.09 

115.62 

115.14 

114.52 

113.99 

113.70 

113.56 

113.50 

113.33 

0.875 

162.95 

159.56 

158.47 

157.12 

156.00 

155.41 

155.14 

155.03 

154.71 

1.000 

219.77 

212.47 

210.22 

207.44 

205.18 

204.04 

203.54 

203.33 

202.75 

1.125 

290.99 

276.20 

271.70 

266.35 

262.06 

259.95 

259.04 

258.65 

257.63 

1.250 

385.78 

353.58 

345.13 

335.12 

327.39 

323.63 

322.03 

321.37 

319.61 

1.375 


448.57 

433.50 

415.75 

402.18 

395.80 

393.09 

391.97 

389.03 

1.500 



542.26 

510.86 

487.98 

477.36 

472.96 

471.14 

466.39 

1.625 




623.91 

586.82 

569.65 

562.58 

559.72 

552.31 

1.750 





701.27 

674.44 

663.42 

658.96 

647.54 

1.875 





834.88 

793.88 

777.18 

770.44 

753.17 

2.000 






930.65 

906.01 

896.06 

870.59 

2.125 






1,091.2 

1,052.5 

1,038.1 

1,001.4 

2.250 







1,223.2 

1,199.9 

1,147.7 

2.375 









1,311.7 

2.500 









1,498.4 
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Orifice 

Diameter 

(in) 

4 



6 




8 


3.826 

4.026 

4.897 

5.182 

5.761 

6.065 

7.625 

7.981 

8.071 

0.250 

12.687 

12.683 








0.375 

28.353 

28.348 








0.500 

50.234 

50.224 

50.197 

50.191 

50.182 

50.178 




0.625 

78.450 

78.421 

78.338 

78.321 

78.296 

78.287 




0.750 

113.15 

113.08 

112.87 

112.82 

112.75 

112.72 




0.875 

154.40 

154.27 

153.88 

153.78 

153.63 

153.56 

153.34 

153.31 

153.31 

1.000 

202.20 

201.99 

201.34 

201.19 

200.96 

200.85 

200.46 

200.39 

200.38 

1.125 

256.69 

256.33 

255.31 

255.08 

254.72 

254.56 

253.99 

253.69 

253.87 

1.250 

318.03 

317.45 

315.83 

315.48 

314.95 

314.72 

313.91 

313.78 

313.74 

1.375 

386.45 

385.51 

382.99 

382.47 

381.70 

381.37 

380.25 

380.06 

380.02 

1.500 

462.27 

460.79 

456.93 

456.16 

455.03 

454.57 

453.02 

452.78 

452.72 

1.625 

545.89 

543.61 

537.77 

536.64 

535.03 

534.38 

532.27 

531.95 

531.87 

1.750 

637.84 

634.39 

625.73 

624.09 

621.79 

620.88 

618.02 

617.60 

617.50 

1.875 

738.75 

733.68 

721.03 

718.69 

715.44 

714.19 

710.32 

709.77 

709.64 

2.000 

849.41 

842.12 

823.99 

820.68 

816.13 

814.41 

809.22 

808.50 

808.34 

2.125 

970.95 

960.48 

934.97 

930.35 

924.07 

921.71 

914.79 

913.86 

913.64 

2.250 

1 , 104.7 

1 , 089.9 

1 , 054.4 

1 , 048.1 

1 , 039.5 

1 , 036.3 

1 , 027.1 

1 , 025.9 

1 , 025.6 

2.375 

1 , 252.1 

1 , 231.7 

1 , 182.9 

1 , 174.2 

1 , 162.6 

1 , 158.3 

1 , 146.2 

1 , 144.7 

1 , 144.3 

2.500 

1 , 415.0 

1 , 387.2 

1 , 320.9 

1 , 309.3 

1 , 293.8 

1 , 288.2 

1 , 272.3 

1 , 270.3 

1 , 269.8 

2.625 

1 , 595.6 

1 , 558.2 

1 , 469.2 

1 , 453.9 

1 , 433.5 

1 , 426.0 

1 , 405.4 

1 , 402.9 

1 , 402.3 

2.750 

1 , 797.1 

1 , 746.7 

1 , 628.9 

1 , 608.7 

1 , 582.1 

1 , 572.3 

1 , 545.7 

1 , 542.5 

1 , 541.8 

2.875 


1 , 955.5 

1 , 801.0 

1 , 774.5 

1 , 740.0 

1 , 727.5 

1 , 693.4 

1 , 689.3 

1 , 688.4 

3.000 


2 , 194.9 

1 , 986.6 

1 , 952.4 

1 , 907.8 

1 , 891.9 

1 , 848.6 

1 , 843.5 

1 , 842.3 

3.125 



2 , 187.2 

2 , 143.4 

2 , 086.4 

2 , 066.1 

2 , 011.6 

2 , 005.2 

2 , 003.8 

3.250 



2 , 404.2 

2 , 348.8 

2 , 276.5 

2 , 250.8 

2 , 182.6 

2 , 174.6 

2 , 172.9 

3.375 



2 , 639.5 

2 , 569.8 

2 , 479.1 

2 , 446.8 

2 , 361.8 

2 , 352.0 

2 , 349.9 

3.500 



2 , 895.5 

2 , 808.1 

2 , 695.1 

2 , 654.9 

2 , 654.9 

2 , 537.7 

2 , 535.0 

3.625 



3 , 180.8 

3 , 065.3 

2 , 925.7 

2 , 876.0 

2 , 746.5 

2 , 731.8 

2 , 728.6 

3.750 




3 , 345.5 

3 , 172.1 

3 , 111.2 

2 , 952.6 

2 , 934.8 

2 , 930.8 

3.875 




3 , 657.7 

3 , 435.7 

3 , 361.5 

3 , 168.3 

3 , 146.9 

3 , 142.1 

4.000 





3 , 718.2 

3 , 628.2 

3 , 394.3 

3 , 368.5 

3 , 362.9 

4.250 





4 , 354.8 

4 , 216.6 

3 , 879.4 

3 , 842.3 

3 , 834.2 

4.500 






4 , 900.9 

4 , 412.8 

4 , 360.5 

4 , 349.0 

4.750 







5 , 000.7 

4 , 928.1 

4 , 912.2 

5.000 







5 , 650.0 

5 , 551.1 

5 , 529.5 

5.250 







6 , 369.3 

6 , 236.4 

6 , 207.3 

5.500 







7 , 170.9 

6 , 992.0 

6 , 953.6 

5.750 








7 , 830.0 

7 , 777.8 

6.000 









8 , 706.9 
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Orifice 

10 



12 



16 


(in) 

9.564 

10.020 

10.136 

11.376 

11.938 

12.090 

14.688 

15.000 

15.250 

1.000 

200.20 









1.125 

253.55 

253.48 

253.47 







1.250 

313.31 

313.20 

313.18 

312.94 

312.85 

312.83 




1.375 

379.44 

379.29 

379.26 

378.94 

378.82 

378.79 




1.500 

451.95 

451.76 

451.72 

451.30 

451.14 

451.10 

450.53 

450.48 


1.625 

530.87 

530.63 

530.57 

530.04 

529.83 

529.78 

529.06 

528.99 

528.94 

1.750 

616.21 

615.90 

615.83 

615.16 

614.90 

614.84 

613.94 

613.85 

613.78 

1.875 

707.99 

707.61 

707.51 

706.68 

706.36 

706.28 

705.18 

705.07 

704.99 

2.000 

806.23 

805.76 

805.65 

804.61 

804.23 

804.13 

802.78 

802.65 

802.55 

2.125 

910.97 

910.38 

910.24 

908.98 

908.51 

908.39 

906.77 

906.61 

906.49 

2.250 

1 , 022.2 

1 , 021.5 

1 , 021.3 

1 , 019.8 

1 , 019.2 

1 , 019.1 

1 , 017.1 

1 , 017.0 

1 , 016.8 

2.375 

1 , 140.1 

1 , 139.2 

1 , 139.0 

1 , 137.1 

1 , 136.4 

1 , 136.2 

1 , 133.9 

1 , 133.7 

1 , 133.5 

2.500 

1 , 264.5 

1 , 263.4 

1 , 263.1 

1 , 260.8 

1 , 260.0 

1 , 259.8 

1 , 257.1 

1 , 256.8 

1 , 256.6 

2.625 

1 , 395.6 

1 , 394.2 

1 , 393.9 

1 , 391.1 

1 , 390.1 

1 , 389.9 

1 , 386.7 

1 , 386.4 

1 , 386.1 

2.750 

1 , 533.4 

1 , 531.7 

1 , 531.3 

1 , 528.0 

1 , 526.8 

1 , 526.5 

1 , 522.7 

1 , 522.4 

1 , 522.1 

2.875 

1 , 678.0 

1 , 675.9 

1 , 675.4 

1 , 671.4 

1 , 670.0 

1 , 669.6 

1 , 665.2 

1 , 664.8 

1 , 664.5 

3.000 

1 , 829.4 

1 , 826.9 

1 , 826.3 

1 , 821.4 

1 , 819.7 

1 , 819.3 

1 , 814.1 

1 , 813.7 

1 , 813.3 

3.125 

1 , 987.8 

1 , 984.7 

1 , 984.0 

1 , 978.1 

1 , 976.1 

1 , 975.6 

1 , 969.6 

1 , 969.0 

1 , 966.6 

3.250 

2 , 153.2 

2 , 149.5 

2 , 148.6 

2 , 141.5 

2 , 139.2 

2 , 130.6 

2 , 131.5 

2 , 130.9 

2 , 130.4 

3.375 

2 , 325.7 

2 , 321.2 

2 , 320.2 

2 , 311.7 

2 , 308.9 

2 , 308.2 

2 , 299.9 

2 , 299.2 

2 , 293.7 

3.500 

2 , 505.6 

2 , 500.1 

2 , 498.9 

2 , 488.7 

2 , 485.4 

2 , 484.6 

2 , 474.9 

2 , 474.1 

2 , 473.5 

3.625 

2 , 692.8 

2 , 686.2 

2 , 684.7 

2 , 672.6 

2 , 668.7 

2 , 667.7 

2 , 656.4 

2 , 655.5 

2 , 654.8 

3.750 

2 , 887.6 

2 , 879.7 

2 , 877.9 

2 , 863.5 

2 , 858.8 

2 , 857.7 

2 , 844.6 

2 , 843.5 

2 , 842.7 

3.875 

3 , 090.1 

3 , 080.7 

3 , 078.5 

3 , 061.4 

3 , 055.9 

3 , 054.6 

3 , 039.4 

3 , 038.1 

3 , 037.2 

4.000 

3 , 300.6 

3 , 289.3 

3 , 286.8 

3 , 266.4 

3 , 260.0 

3 , 258.5 

3 , 240.8 

3 , 239.4 

3 , 238.3 

4.250 

3 , 746.1 

3 , 730.2 

3 , 726.7 

3 , 698.4 

3 , 689.6 

3 , 687.5 

3 , 663.8 

3 , 661.9 

3 , 660.5 

4.500 

4 , 226.0 

4 , 204.1 

4 , 199.2 

4 , 160.4 

4 , 148.4 

4 , 145.5 

4 , 113.9 

4 , 111.5 

4 , 109.7 

4.750 

4 , 742.7 

4 , 712.8 

4 , 706.2 

4 , 653.4 

4 , 637.2 

4 , 633.4 

4 , 591.5 

4 , 508.4 

4 , 586.0 

5.000 

5 , 298.6 

5 , 258.5 

5 , 249.6 

5 , 179.0 

5 , 157.4 

5 , 152.3 

5 , 097.2 

5 , 093.1 

5 , 090.1 

5.250 

5 , 897.4 

5 , 843.6 

5 , 831.8 

5 , 738.5 

5 , 710.0 

5 , 703.3 

5 , 631.4 

5 , 626.1 

5 , 622.3 

5.500 

6 , 543.1 

6 , 471.9 

6 , 456.3 

6 , 333.8 

6 , 296.6 

6 , 287.9 

6 , 194.8 

6 , 180.1 

6 , 183.1 
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Orifice 

Diameter 

(in) 


10 



12 



16 


9.564 

10.020 

10.136 

11.376 

11.938 

12.090 

14.688 

15.000 

15.250 

5.750 

7 , 240.0 

7 , 146.9 

7 , 126.5 

6 , 966.9 

6 , 919.0 

6 , 907.8 

6 , 788.1 

6 , 779.5 

6 , 773.3 

6.000 

7 , 993.3 

7 , 873.0 

7 , 846.6 

7 , 640.4 

7 , 579.0 

7 , 564.7 

7 , 412.3 

7 , 401.5 

7 , 393.6 

6.250 

8 , 808,9 

8 , 654.8 

8 , 621.1 

8 , 357.3 

8 , 278.9 

8 , 260.7 

8 , 060.4 

8 , 054.8 

8 , 044.8 

6.500 

9 , 693.3 

9 , 498.1 

9 , 455.3 

9 , 121.0 

9 , 021.7 

8 , 998.7 

8 , 757.3 

8 , 740.3 

8 , 727.9 

6.750 

10,654 

10,409 

10,355 

9 , 935.2 

9 , 810.5 

9 , 781.6 

9 , 480.4 

9 , 459.4 

9 , 444.0 

7.000 

11,711 

11,394 

11,327 

10,804 

10,649 

10,613 

10,239 

10,213 

10,194 

7.250 


12,467 

12,381 

11,732 

11,540 

11,496 

11,035 

11,003 

10,980 

7.500 


13,656 

13,541 

12,725 

12,489 

12,434 

11,869 

11,831 

11,803 

7.750 




13,787 

13,500 

13,433 

12,745 

12,698 

12,664 

8.000 




14,927 

14,578 

14,498 

13,664 

13,607 

13,566 

8.250 




16,156 

15,730 

15,633 

14,628 

14,560 

14,511 

8.500 




17,505 

16,962 

16,845 

15,642 

15,560 

15,501 

8.750 





18,296 

18,148 

16,706 

16,609 

16,539 

9.000 






19,565 

17,826 

17,711 

17,628 

9.250 







19,004 

18,868 

18,770 

9.500 







20,245 

20,085 

19,969 

9.750 







21,552 

21,365 

21,230 

10.000 







22,930 

22,712 

22,555 

10.250 







24,385 

24,132 

23,948 

10.500 







25,924 

25,628 

25,416 

10.750 







27,567 

27,210 

26,962 

11.000 







29,331 

28,899 

28,600 

11.250 








30,710 

30,348 
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Orifice 20 24 30 

Diameter- 

(in) 18.814 19.000 19.250 22.626 23.000 23.250 28.628 29.000 29.250 


2.000 

801.40 

2.125 

905.11 

2.250 

1 , 015.2 

2.375 

1 , 131.6 

2.500 

1 , 254.4 

2.625 

1 , 383.6 

2.750 

1 , 519.1 

2.875 

1 , 661.0 

3.000 

1 , 809.4 

3.125 

1 , 964.1 

3.250 

2 , 125.3 

3.375 

2 , 292.9 

3.500 

2 , 466.9 

3.625 

2 , 647.3 

3.750 

2 , 834.2 

3.875 

3 , 027.5 

4.000 

3 , 227.5 

4.250 

3 , 646.7 

4.500 

4 , 092.1 

4.750 

4 , 563.7 

5.000 

5 , 061.8 

5.250 

5 , 586.6 

5.500 

6 , 138.2 

5.750 

6 , 717.0 

6.000 

7 , 323.4 

6.250 

7 , 957.5 

6.500 

8 , 620.0 

6.750 

9 , 311.1 

7.000 

10,031 

7.250 

10,782 

7.500 

11,562 

7.750 

12,374 

8.000 

13,218 

8.250 

14,095 

8.500 

15,005 


801.35 

801.29 

905.06 

904.98 

1 , 015.1 

1 , 015.0 

1 , 131.5 

1 , 131.4 

1 , 254.3 

1 , 254.2 

1 , 383.5 

1 , 383.3 

1 , 519.0 

1 , 518.8 

1 , 660.9 

1 , 660.7 

1 , 809.2 

1 , 809.0 

1 , 963.9 

1 , 963.7 

2 , 125.1 

2 , 124.8 

2 , 292.6 

2 , 292.3 

2 , 466.6 

2 , 466.3 

2 , 647.0 

2 , 646.6 

2 , 833.9 

2 , 833.5 

3 , 027.3 

3 , 026.8 

3 , 227.1 

3 , 226.5 

3 , 646.2 

3 , 645.6 

4 , 091.5 

4 , 090.6 

4 , 562.9 

4 , 561.9 

5 , 060.8 

5 , 050.6 

5 , 585.4 

5 , 583.8 

6 , 136.7 

6 , 134.8 

6 , 715.2 

6 , 712.3 

7 , 321.1 

7 , 318.2 

7 , 954.7 

7 , 951.2 

8 , 616.5 

8 , 612.2 

9 , 306.9 

9 , 301.6 

10,026 

10,020 

10,776 

10,768 

11,555 

11,546 

12,365 

12,354 

13,207 

13,194 

14,082 

14,066 

14,990 

14,971 


1 , 130.2 

1 , 130.1 

1 , 252.8 

1 , 252.6 

1 , 381.7 

1 , 381.5 

1 , 517.0 

1 , 516.8 

1 , 658.6 

1 , 658.4 

1 , 806.6 

1 , 806.4 

1 , 961.0 

1 , 960.7 

2 , 121.7 

2 , 121.5 

2 , 280.9 

2 , 288.6 

2 , 462.4 

2 , 462.1 

2 , 642.4 

2 , 642.0 

2 , 828.7 

2 , 828.3 

3 , 021.5 

3 , 021.0 

3 , 220.6 

3 , 220.1 

3 , 638.3 

3 , 637.7 

4 , 081.8 

4 , 081.0 

4 , 551.1 

4 , 550.1 

5 , 046.4 

5 , 045.2 

5 , 567.7 

5 , 566.4 

6 , 115.3 

6 , 113.6 

6 , 689.1 

6 , 687.2 

7 , 289.4 

7 , 287.1 

7 , 916.4 

7 , 913.6 

8 , 570.2 

8 , 566.9 

9 , 251.1 

9 , 247.2 

9 , 959.3 

9 , 954.6 

10,695 

10,669 

11,459 

11,452 

12,250 

12,243 

13,071 

13,062 

13,920 

13,910 

14,799 

14,787 


1 , 130.0 


1 , 252.6 


1 , 381.4 


1 , 516.7 


1 , 658.3 

1 , 656.0 

1 , 806.2 

1 , 803.7 

1 , 960.6 

1 , 957.7 

2 , 121.3 

2 , 118.0 

2 , 288.4 

2 , 284.8 

2 , 461.8 

2 , 457.8 

2 , 641.7 

2 , 637.3 

2 , 828.0 

2 , 823.1 

3 , 020.7 

3 , 015.2 

3 , 219.8 

3 , 213.8 

3 , 637.2 

3 , 630.1 

4 , 080.5 

4 , 071.9 

4 , 549.5 

4 , 539.4 

5 , 044.5 

5 , 032.5 

5 , 565.5 

5 , 551.3 

6 , 112.6 

6 , 095.8 

6 , 685.9 

6 , 666.2 

7 , 285.6 

7 , 262.5 

7 , 911.9 

7 , 864.7 

8 , 564.8 

8 , 533.0 

9 , 244.7 

9 , 207.4 

9 , 951.7 

9 , 908.0 

10,686 

10,635 

11,448 

11,388 

12,238 

12,168 

13,056 

12,975 

13,903 

13,809 

14,779 

14,669 


1 , 803.5 

1 , 803.4 

1 , 957.5 

1 , 957.4 

2 , 117.9 

2 , 117.7 

2 , 284.5 

2 , 284.4 

2 , 457.6 

2 , 457.5 

2 , 637.0 

2 , 636.8 

2 , 822.8 

2 , 822.6 

3 , 014.9 

3 , 014.7 

3 , 213.5 

3 , 213.2 

3 , 629.7 

3 , 629.4 

4 , 071.4 

4 , 071.1 

4 , 538.8 

4 , 538.4 

5 , 031.8 

5 , 031.4 

5 , 550.5 

5 , 550.0 

6 , 094.9 

6 , 094.4 

6 , 665.2 

6 , 664.5 

7 , 261.3 

7 , 260.5 

7 , 883.4 

7 , 882.5 

8 , 531.4 

8 , 530.4 

9 , 205.6 

9 , 204.4 

9 , 905.9 

9 , 904.6 

10,633 

10,631 

11,386 

11,384 

12,165 

12,163 

12,971 

12,969 

13,805 

13,802 

14,665 

14,661 
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Orifice 

Diameter 

(in) 

20 

24 

30 

18.814 19.000 

19.250 22.626 23.000 

23.250 28.628 29.000 29.250 


8.750 

15,950 

15,933 

15,911 

15,708 

15,693 

15,684 

15,557 

15,552 

15,548 

9.000 

16,932 

16,911 

16,885 

16,648 

16,630 

16,620 

16,473 

16,466 

16,462 

9.250 

17,950 

17,926 

17,895 

17,618 

17,596 

17,585 

17,416 

17,409 

17,404 

9.500 

19,007 

18,979 

18,943 

18,620 

18,597 

18,582 

18,387 

18,379 

18,373 

9.750 

20,104 

20,071 

20,030 

19,655 

19,628 

19,611 

19,386 

19,377 

19,371 

10.000 

21,243 

21,205 

21,157 

20,723 

20,692 

20,672 

20,414 

20,403 

20,396 

10.250 

22,426 

22,332 

22,326 

21,825 

21,789 

21,767 

21,471 

21,458 

21,450 

10.500 

23,654 

23,603 

23,538 

22,926 

22,921 

22,895 

22,556 

22,542 

22,533 

10.750 

24,931 

24,672 

24,797 

24,134 

24,087 

24,058 

23,672 

23,656 

23,646 

11.000 

26,257 

26,190 

26,104 

25,344 

25,290 

25,257 

24,817 

24,799 

24,787 

11.250 

27,636 

27,559 

27,460 

26,592 

26,531 

26,492 

25,992 

25,972 

25,959 

11.500 

29,070 

28,982 

28,870 

27,878 

27,809 

27,766 

27,199 

27,176 

27,161 

11.750 

30,562 

30,462 

30,334 

29,205 

29,126 

29,077 

28,437 

28,411 

28,394 

12.000 

32,116 

32,001 

31,856 

30,574 

30,485 

30,429 

29,706 

29,677 

29,659 

12.500 

35,417 

35,270 

35,084 

33,444 

33,330 

33,259 

32,343 

32,306 

32,283 

13.000 

39,003 

38,817 

38,581 

36,502 

36,357 

36,267 

35,114 

35,068 

35,039 

13.500 

42,913 

42,673 

42,375 

39,762 

39,581 

39,467 

38,025 

37,968 

37,932 

14.000 

47,244 

46,921 

46,523 

43,241 

43,015 

42,874 

41,082 

41,012 

40,968 

14.500 




46,958 

46,679 

46,505 

44,291 

44,206 

44,151 

15.000 




50,934 

50,591 

50,378 

47,622 

47,557 

47,490 

15.500 




55,192 

54,774 

54,513 

51,202 

51,075 

50,993 

16.000 




59,759 

59,251 

58,935 

54,923 

54,769 

54,671 

16.500 




64,701 

64,060 

63,670 

58,835 

58,649 

58,531 

17.000 





69,288 

68,792 

62,950 

62,728 

62,586 

17.500 







67,282 

67,017 

66,848 

18,000 







71,844 

71,530 

71,330 

18.500 







76,653 

76,282 

76,046 

19.000 







81,725 

81,289 

81,012 

19.500 







87,079 

86,568 

86,244 

20.000 







92,734 

92,140 

91,761 

20.500 







98,728 

98,025 

97,564 

21.000 







105,130 

104,280 

103,750 

21.500 








110,980 

110,340 
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Table C-2 “b” Values for Reynolds Number Factor F r Determination- 
Flange Taps 


Pipe Sizes—Nominal and Published Inside Diameters, in 


Orifice 

Diameter 

(in) 


2 



3 




4 

1.689 

1.939 

2.067 

2.3 

2.626 

2.9 

3.068 

3.152 

3.438 

0.250 

0.0879 

0.0911 

0.0926 

0.0950 

0.0979 

0.0999 

0.1010 

0.1014 

0.1030 

0.375 

0.0677 

0.0709 

0.0726 

0.0755 

0.0792 

0.0820 

0.0836 

0.0844 

0.0867 

0.500 

0.0562 

0.0576 

0.0588 

0.0612 

0.0648 

0.0677 

0.0695 

0.0703 

0.0728 

0.625 

0.0520 

0.0505 

0.0506 

0.0516 

0.0541 

0.0566 

0.0583 

0.0591 

0.0618 

0.750 

0.0536 

0.0485 

0.0471 

0.0462 

0.0470 

0.0486 

0.0498 

0.0504 

0.0528 

0.875 

0.0595 

0.0506 

0.0478 

0.0445 

0.0429 

0.0433 

0.0438 

0.0442 

0.0460 

1.000 

0.0677 

0.0559 

0.0515 

0.0458 

0.0416 

0.0403 

0.0402 

0.0403 

0.0411 

1.125 

0.0762 

0.0630 

0.0574 

0.0495 

0.0427 

0.0396 

0.0386 

0.0383 

0.0380 

1.250 

0.0824 

0.0707 

0.0646 

0.0550 

0.0456 

0.0408 

0.0388 

0.0381 

0.0365 

1.375 


0.0772 

0.0715 

0.0614 

0.0501 

0.0435 

0.0406 

0.0394 

0.0365 

1.500 



0.0773 

0.0679 

0.0554 

0.0474 

0.0436 

0.0420 

0.0378 

1.625 




0.0735 

0.0613 

0.0522 

0.0477 

0.0457 

0.0402 

1.750 





0.0669 

0.0575 

0.0524 

0.0500 

0.0434 

1.875 





0.0717 

0.0628 

0.0574 

0.0549 

0.0473 

2.000 






0.0676 

0.0624 

0.0598 

0.0517 

2.125 






0.0715 

0.0669 

0.0642 

0.0563 

2.250 







0.0706 

0.0685 

0.0607 

2.375 









0.0648 

2.500 









0.0683 
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Orifice 

Diameter 

(in) 

4 



6 




8 


3.826 

4.026 

4.897 

5.189 

5.761 

6.065 

7.625 

7.981 

8.071 

0.250 

0.1047 

0.1054 








0.375 

0.0894 

0.0907 








0.500 

0.0763 

0.0779 

0.0836 

0.0852 

0.0880 

0.0892 




0.625 

0.0653 

0.0670 

0.0734 

0.0753 

0.0785 

0.0801 




0.750 

0.0561 

0.0578 

0.0645 

0.0665 

0.0701 

0.0718 




0.875 

0.0487 

0.0502 

0.0567 

0.0587 

0.0625 

0.0643 

0.0723 

0.0738 

0.0742 

1.000 

0.0430 

0.0442 

0.0500 

0.0520 

0.0557 

0.0576 

0.0660 

0.0676 

0.0680 

1.125 

0.0388 

0.0396 

0.0444 

0.0462 

0.0498 

0.0517 

0.0602 

0.0517 

0.0623 

1.250 

0.0361 

0.0364 

0.0399 

0.0414 

0.0447 

0.0464 

0.0549 

0.0566 

0.0571 

1.375 

0.0347 

0.0344 

0.0363 

0.0375 

0.0403 

0.0419 

0.0518 

0.0518 

0.0523 

1.500 

0.0345 

0.0336 

0.0336 

0.0344 

0.0367 

0.0381 

0.0457 

0.0474 

0.0479 

1.625 

0.0354 

0.0338 

0.0318 

0.0322 

0.0337 

0.0348 

0.0418 

0.0435 

0.0439 

1.750 

0.0372 

0.0350 

0.0307 

0.0306 

0.0314 

0.0322 

0.0383 

0.0399 

0.0403 

1.875 

0.0398 

0.0370 

0.0305 

0.0298 

0.0298 

0.0303 

0.0353 

0.0366 

0.0371 

2.000 

0.0430 

0.0395 

0.0308 

0.0296 

0.0287 

0.0288 

0.0327 

0.0340 

0.0343 

2.125 

0.0467 

0.0427 

0.0318 

0.0300 

0.0281 

0.0278 

0.0304 

0.0315 

0.0318 

2.250 

0.0507 

0.0462 

0.0334 

0.0310 

0.0281 

0.0274 

0.0286 

0.0295 

0.0297 

2.375 

0.0548 

0.0501 

0.0354 

0.0324 

0.0286 

0.0274 

0.0271 

0.0278 

0.0280 

2.500 

0.0589 

0.0540 

0.0378 

0.0342 

0.0295 

0.0279 

0.0259 

0.0264 

0.0265 

2.625 

0.0626 

0.0579 

0.0406 

0.0365 

0.0308 

0.0287 

0.0251 

0.0253 

0.0254 

2.750 

0.0659 

0.0615 

0.0436 

0.0391 

0.0324 

0.0300 

0.0246 

0.0245 

0.0245 

2.875 


0.0647 

0.0468 

0.0418 

0.0343 

0.0314 

0.0244 

0.0240 

0.0240 

3.000 


0.0673 

0.0500 

0.0448 

0.0366 

0.0332 

0.0245 

0.0238 

0.0237 

3.125 



0.0533 

0.0479 

0.0389 

0.0353 

0.0248 

0.0239 

0.0237 

3.250 



0.0564 

0.0510 

0.0416 

0.0375 

0.0254 

0.0242 

0.0240 

3.375 



0.0594 

0.0541 

0.0443 

0.0400 

0.0263 

0.0248 

0.0244 

3.500 



0.0620 

0.0569 

0.0472 

0.0426 

0.0273 

0.0255 

0.0251 

3.625 



0.0643 

0.0597 

0.0500 

0.0452 

0.0286 

0.0265 

0.0260 

3.750 




0.0621 

0.0527 

0.0479 

0.0300 

0.0274 

0.0271 

3.875 




0.0640 

0.0553 

0.0505 

0.0316 

0.0289 

0.0283 

4.000 





0.0578 

0.0531 

0.0334 

0.0304 

0.0297 

4.250 





0.0620 

0.0579 

0.0372 

0.0338 

0.0330 

4.500 






0.0618 

0.0414 

0.0386 

0.0366 





312 Appendix C Orifice Meter Tables for Natural Gas 


Orifice 4 




6 



8 


(in) 

3.826 

4.026 

4.897 

5.189 

5.761 

6.065 

7.625 

7.981 

8.071 

4.750 







0.0457 

0.0416 

0.0405 

5.000 







0.0500 

0.0457 

0.0446 

5.250 







0.0539 

0.0497 

0.0487 

5.500 







0.0574 

0.0535 

0.0524 

5.750 








0.0569 

0.0559 

6.000 









0.0588 


Orifice 

Diameter 

(in) 


10 



12 



16 


9.564 

10.02 

10.136 

11.376 

11.938 

12.09 

14.688 

15 

15.25 

1 

0.0738 









1.125 

0.0685 

0.0701 

0.0705 







1.25 

0.0635 

0.0652 

0.0656 

0.0698 

0.0714 

0.0718 




1.375 

0.0588 

0.0606 

0.061 

0.0654 

0.0671 

0.676 




1.5 

0.0545 

0.0563 

0.0568 

0.0612 

0.0631 

0.0635 

0.0706 

0.0713 


1.625 

0.0504 

0.0523 

0.0527 

0.0573 

0.0592 

0.0597 

0.067 

0.0678 

0.0684 

1.75 

0.0467 

0.0485 

0.049 

0.0536 

0.0555 

0.056 

0.0636 

0.0644 

0.065 

1.875 

0.0433 

0.0451 

0.0455 

0.0501 

0.0521 

0.0526 

0.0604 

0.0612 

0.0618 

2 

0.0401 

0.0419 

0.0414 

0.0469 

0.0488 

0.0492 

0.0572 

0.0581 

0.0587 

2.125 

0.0372 

0.0389 

0.0383 

0.0438 

0.0458 

0.0463 

0.0542 

0.0551 

0.0558 

2.25 

0.0346 

0.0362 

0.0356 

0.041 

0.0429 

0.0434 

0.0514 

0.0523 

0.0529 

2.375 

0.0322 

0.0337 

0.033 

0.0383 

0.0402 

0.0407 

0.0467 

0.0496 

0.0502 

2.5 

0.0302 

0.0315 

0.0308 

0.0359 

0.0377 

0.0382 

0.0461 

0.047 

0.0476 

2.625 

0.0283 

0.0296 

0.0287 

0.0336 

0.0354 

0.0358 

0.0436 

0.0445 

0.0452 

2.75 

0.0267 

0.0278 

0.0269 

0.0316 

0.0332 

0.0336 

0.0413 

0.0422 

0.0428 

2.875 

0.0254 

0.0263 

0.0253 

0.0297 

0.0312 

0.0317 

0.0391 

0.0399 

0.0406 

3 

0.0243 

0.025 

0.0252 

0.0278 

0.0294 

0.0298 

0.037 

0.0378 

0.0385 

3.125 

0.0234 

0.0239 

0.0241 

0.0264 

0.0278 

0.0282 

0.035 

0.0358 

0.0365 

3.25 

0.0226 

0.023 

0.0231 

0.0251 

0.0263 

0.0266 

0.0331 

0.0339 

0.0346 

3.375 

0.0221 

0.0223 

0.0224 

0.0239 

0.025 

0.0253 

0.0314 

0.0321 

0.0328 

3.5 

0.0219 

0.0218 

0.0218 

0.0229 

0.0238 

0.0241 

0.0298 

0.0305 

0.0311 

3.625 

0.0218 

0.0214 

0.0214 

0.0221 

0.0226 

0.023 

0.0282 

0.029 

0.0295 

3.75 

0.0218 

0.0213 

0.0212 

0.0214 

0.0219 

0.0221 

0.0268 

0.0275 

0.0281 

3.875 

0.0221 

0.213 

0.0211 

0.0208 

0.0212 

0.0213 

0.0255 

0.0262 

0.0267 

4 

0.0225 

0.0214 

0.0212 

0.0204 

0.0206 

0.0207 

0.0243 

0.0249 

0.0254 
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Orifice 

Diameter 

(in) 


10 



12 



16 


9.564 

10.02 

10.136 

11.376 

11.938 

12.09 

14.688 

15 

15.25 

4.25 

0.0238 

0.0222 

0.0219 

0.02 

0.0198 

0.0198 

0.0223 

0.0228 

0.0232 

4.5 

0.0256 

0.0236 

0.0231 

0.0201 

0.0195 

0.0194 

0.0206 

0.021 

0.0213 

4.75 

0.0279 

0.0254 

0.0249 

0.0207 

0.0196 

0.0194 

0.0193 

0.0196 

0.0198 

5 

0.0307 

0.0277 

0.027 

0.0217 

0.0202 

0.0199 

0.0184 

0.0185 

0.0187 

5.25 

0.0337 

0.0303 

0.0295 

0.0231 

0.0212 

0.0208 

0.0178 

0.0178 

0.0179 

5.5 

0.037 

0.0332 

0.0323 

0.0249 

0.0226 

0.0221 

0.0176 

0.0174 

0.0174 

5.75 

0.0404 

0.0363 

0.0354 

0.027 

0.0243 

0.0237 

0.0176 

0.0174 

0.0172 

6 

0.0438 

0.396 

0.0386 

0.0294 

0.0263 

0.0255 

0.018 

0.0176 

0.0173 

6.25 

0.0473 

0.0437 

0.0418 

0.032 

0.0285 

0.0277 

0.0186 

0.016 

0.0177 

6.5 

0.0505 

0.0462 

0.0451 

0.0347 

0.0309 

0.03 

0.0195 

0.0188 

0.0183 

6.75 

0.0536 

0.0493 

0.0483 

0.0376 

0.0335 

0.0325 

0.0206 

0.0198 

0.0192 

7 

0.0562 

0.0523 

0.0513 

0.0406 

0.0362 

0.0351 

0.022 

0.021 

0.0202 

7.25 


0.055 

0.054 

0.0435 

0.039 

0.0379 

0.0235 

0.0224 

0.0216 

7.5 


0.0572 

0.0564 

0.0463 

0.0418 

0.0407 

0.0252 

0.024 

0.023 

7.75 




0.0491 

0.0446 

0.0434 

0.0271 

0.0257 

0.0246 

8 




0.0517 

0.0473 

0.0461 

0.0291 

0.0276 

0.0264 

8.25 




0.054 

0.0498 

0.0487 

0.0312 

0.0296 

0.0288 

8.5 




0.056 

0.0522 

0.0511 

0.0334 

0.0317 

0.0303 

8.75 





0.0543 

0.0534 

0.0357 

0.0338 

0.0324 

9 






0.0533 

0.038 

0.0361 

0.0346 

9.25 







0.0402 

0.0383 

0.0368 

9.5 







0.0425 

0.0406 

0.039 

9.75 







0.0447 

0.0427 

0.0412 

10 







0.0469 

0.0449 

0.0434 

10.25 







0.0489 

0.047 

0.0455 

10.5 







0.0508 

0.049 

0.0475 

10.75 







0.0526 

0.0509 

0.0495 

11 







0.0541 

0.0526 

0.0513 

11.25 








0.0541 

0.0528 
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Orifice 

Diameter 

(in) 


20 



24 



30 


18.814 

19 

19.25 

22.626 

23 

23.25 

28.628 

29 

29.25 

2 

0.0667 

0.0671 

0.0676 







2.125 

0.064 

0.0644 

0.0649 







2.25 

0.0614 

0.0618 

0.0622 







2.375 

0.0588 

0.0592 

0.0597 

0.0659 

0.0665 

0.0669 




2.5 

0.0563 

0.0568 

0.0573 

0.0636 

0.0642 

0.0646 




2.625 

0.054 

0.0544 

0.0549 

0.0614 

0.062 

0.0624 




2.75 

0.0517 

0.0521 

0.0526 

0.0592 

0.0599 

0.0603 




2.875 

0.0494 

0.0499 

0.0504 

0.0571 

0.0578 

0.0582 

0.0662 



3 

0.0473 

0.0477 

0.0483 

0.0551 

0.0557 

0.0562 

0.0644 

0.0649 

0.0652 

3.125 

0.0452 

0.0457 

0.0462 

0.0531 

0.0538 

0.0542 

0.0626 

0.0631 

0.0634 

3.25 

0.0433 

0.0437 

0.0442 

0.0511 

0.052 

0.0523 

0.0608 

0.0613 

0.0616 

3.375 

0.0414 

0.0418 

0.0423 

0.0493 

0.05 

0.0504 

0.059 

0.0596 

0.0599 

3.5 

0.0395 

0.0399 

0.0405 

0.0474 

0.0481 

0.0486 

0.0574 

0.0579 

0.0582 

3.625 

0.0378 

0.0382 

0.0387 

0.0457 

0.0464 

0.0468 

0.0557 

0.0562 

0.0566 

3.75 

0.0361 

0.0365 

0.037 

0.044 

0.0447 

0.0451 

0.0541 

0.0546 

0.055 

3.875 

0.0345 

0.0349 

0.0354 

0.0423 

0.043 

0.0435 

0.0525 

0.53 

0.0534 

4 

0.0329 

0.0333 

0.0339 

0.0407 

0.0414 

0.0419 

0.0509 

0.0515 

0.0518 

4.25 

0.0301 

0.0304 

0.031 

0.0376 

0.0384 

0.0388 

0.0479 

0.0485 

0.0488 

4.5 

0.0275 

0.0279 

0.0283 

0.0348 

0.0355 

0.036 

0.045 

0.0456 

0.046 

4.75 

0.0252 

0.0256 

0.026 

0.0322 

0.0328 

0.0333 

0.0423 

0.0429 

0.0433 

5 

0.0232 

0.0235 

0.0239 

0.0297 

0.0304 

0.0308 

0.0397 

0.0403 

0.0407 

5.25 

0.0214 

0.0217 

0.022 

0.0275 

0.0281 

0.0285 

0.0373 

0.0378 

0.0382 

5.5 

0.0199 

0.0201 

0.0204 

0.0254 

0.026 

0.0264 

0.0349 

0.0355 

0.0359 

5.75 

0.0186 

0.0188 

0.0191 

0.0236 

0.0241 

0.0245 

0.0327 

0.0333 

0.0337 

6 

0.0176 

0.0177 

0.0179 

0.0219 

0.0224 

0.0228 

0.0306 

0.0312 

0.0316 

6.25 

0.0167 

0.0168 

0.017 

0.0204 

0.0208 

0.0212 

0.0287 

0.0292 

0.0296 

6.5 

0.0161 

0.0162 

0.0163 

0.0191 

0.0195 

0.0198 

0.0269 

0.0274 

0.0277 

6.75 

0.0157 

0.0157 

0.0157 

0.0179 

0.0183 

0.0185 

0.0252 

0.0257 

0.026 

7 

0.0155 

0.0155 

0.0154 

0.0169 

0.0172 

0.0174 

0.0236 

0.024 

0.0244 

7.25 

0.0155 

0.0154 

0.0153 

0.0161 

0.0163 

0.0165 

0.0221 

0.0226 

0.0229 

7.5 

0.0157 

0.0155 

0.0154 

0.0154 

0.0156 

0.0157 

0.0208 

0.0212 

0.0215 

7.75 

0.016 

0.0158 

0.0156 

0.0148 

0.015 

0.0151 

0.0195 

0.019 

0.0202 

8 

0.0166 

0.0163 

0.016 

0.0144 

0.0145 

0.0146 

0.0184 

0.0187 

0.019 
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Orifice 


20 



24 



30 


(in) 

18.814 

19 

19.25 

22.626 

23 

23.25 

28.628 

29 

29.25 

8.25 

0.0172 

0.0169 

0.0165 

0.0142 

0.0142 

0.0142 

0.0174 

0.0177 

0.0179 

8.5 

0.018 

0.0177 

0.0172 

0.0141 

0.014 

0.014 

0.0164 

0.0168 

0.017 

8.75 

0.019 

0.0186 

0.018 

0.0141 

0.014 

0.0139 

0.0156 

0.0159 

0.0161 

9 

0.0201 

0.0196 

0.019 

0.0143 

0.0141 

0.014 

0.0149 

0.0152 

0.0153 

9.25 

0.0213 

0.0208 

0.0201 

0.0146 

0.0143 

0.0141 

0.0143 

0.0145 

0.0146 

9.5 

0.0226 

0.022 

0.0213 

0.015 

0.0146 

0.0144 

0.0138 

0.0139 

0.0141 

9.75 

0.024 

0.0234 

0.0226 

0.0155 

0.015 

0.0147 

0.0133 

0.0135 

0.0136 

10 

0.0256 

0.0249 

0.024 

0.0161 

0.0155 

0.0152 

0.013 

0.0131 

0.0132 

10.25 

0.0271 

0.0264 

0.0255 

0.0168 

0.0162 

0.0158 

0.0128 

0.0128 

0.0128 

10.5 

0.0288 

0.028 

0.027 

0.0176 

0.0169 

0.0164 

0.0126 

0.0126 

0.0126 

10.75 

0.0305 

0.0297 

0.0286 

0.0185 

0.0176 

0.0172 

0.0125 

0.0125 

0.0125 

11 

0.0322 

0.0314 

0.0303 

0.0194 

0.0186 

0.0181 

0.0125 

0.0124 

0.0124 

11.25 

0.034 

0.0332 

0.032 

0.0205 

0.0196 

0.019 

0.0126 

0.0125 

0.0124 

11.5 

0.0358 

0.0349 

0.0338 

0.0216 

0.0207 

0.02 

0.0128 

0.0126 

0.0125 

11.75 

0.0376 

0.0367 

0.0355 

0.0228 

0.0218 

0.0211 

0.013 

0.0128 

0.0127 

12 

0.0394 

0.0385 

0.0373 

0.0241 

0.023 

0.0223 

0.0134 

0.0131 

0.0129 

12.5 

0.0429 

0.042 

0.0408 

0.0267 

0.0255 

0.0248 

0.0142 

0.0138 

0.0136 

13 

0.0463 

0.0454 

0.0442 

0.0296 

0.0282 

0.0274 

0.0153 

0.0148 

0.0145 

13.5 

0.0494 

0.0485 

0.0474 

0.0326 

0.0311 

0.0302 

0.0166 

0.016 

0.0157 

14 

0.052 

0.0512 

0.0502 

0.0356 

0.0341 

0.0331 

0.0182 

0.0175 

0.0171 

14.5 




0.0386 

0.037 

0.036 

0.0199 

0.0192 

0.0187 

15 




0.0415 

0.04 

0.039 

0.0218 

0.0209 

0.0204 

15.5 




0.0443 

0.0426 

0.0418 

0.0239 

0.023 

0.0224 

16 




0.047 

0.0455 

0.0446 

0.026 

0.025 

0.0244 

16.5 




0.0494 

0.048 

0.0471 

0.0283 

0.0273 

0.0266 

17 





0.0503 

0.0494 

0.0307 

0.0296 

0.0288 

17.5 







0.0331 

0.0319 

0.0312 

18 







0.0355 

0.0343 

0.0335 

18.5 







0.0379 

0.0366 

0.0358 

19 







0.0402 

0.039 

0.0382 

19.5 







0.0424 

0.0412 

0.0404 

20 







0.0446 

0.0434 

0.0426 

20.5 







0.0466 

0.0455 

0.0448 

21 







0.0485 

0.0475 

0.0467 

21.5 








0.0492 

0.0485 





Table C-3 Yf Expansion Factors—Flange Taps (Static Pressure Taken from Upstream Taps) 


K 

p fl 

0.1 

0.2 

0.3 

0.4 

0.45 

0.50 

0.52 

0.54 

0.56 

0.58 

0.60 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.7 

0.71 

0.72 

0.73 

0.74 

0.75 

0.0 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

0.1 

0.9989 

0.9989 

0.9989 

0.9988 

0.9988 

0.9988 

0.9988 

0.9988 

0.9988 

0.9988 

0.9987 

0.9987 

0.9987 

0.9987 

0.9987 

0.9987 

0.9987 

0.9987 

0.9987 

0.9986 

0.9986 

0.9986 

0.9986 

0.9986 

0.9986 

0.9986 

0.2 

0.9977 

0.9977 

0.9977 

0.9977 

0.9976 

0.9976 

0.9976 

0.9976 

0.9975 

0.9975 

0.9975 

0.9975 

0.9974 

0.9974 

0.9974 

0.9974 

0.9974 

0.9973 

0.9973 

0.9973 

0.9973 

0.9972 

0.9972 

0.9972 

0.9971 

0.9971 

0.3 

0.9966 

0.9966 

0.9966 

0.9965 

0.9965 

0.9964 

0.9964 

0.9963 

0.9963 

0.9963 

0.9962 

0.9962 

0.9962 

0.9961 

0.9961 

0.9961 

0.996 

0.996 

0.996 

0.9959 

0.9959 

0.9958 

0.9958 

0.9958 

0.9957 

0.9957 

0.4 

0.9954 

0.9954 

0.9954 

0.9953 

0.9953 

0.9952 

0.9952 

0.9951 

0.9951 

0.9950 

0.9949 

0.9949 

0.9949 

0.9948 

0.9948 

0.9948 

0.9947 

0.9947 

0.9946 

0.9946 

0.9945 

0.9945 

0.9944 

0.9943 

0.9943 

0.9942 

0.5 

0.9943 

0.9943 

0.9943 

0.9942 

0.9941 

0.9940 

0.9940 

0.9939 

0.9938 

0.9938 

0.9937 

0.9936 

0.9936 

0.9935 

0.9935 

0.9934 

0.9934 

0.9933 

0.9933 

0.9932 

0.9931 

0.9931 

0.993 

0.9929 

0.9929 

0.9928 

0.6 

0.9932 

0.9932 

0.9931 

0.9930 

0.9929 

0.9928 

0.9927 

0.9927 

0.9926 

0.9925 

0.9924 

0.9924 

0.9923 

0.9923 

0.9922 

0.9921 

0.9921 

0.992 

0.9919 

0.9918 

0.9918 

0.9917 

0.9916 

0.9915 

0.9914 

0.9913 

0.7 

0.9920 

0.9920 

0.9920 

0.9919 

0.9918 

0.9916 

0.9915 

0.9915 

0.9914 

0.9913 

0.9912 

0.9911 

0.9910 

0.9910 

0.9909 

0.9908 

0.9907 

0.9907 

0.9906 

0.9905 

0.9904 

0.9903 

0.9902 

0.9901 

0.99 

0.9899 

0.8 

0.9909 

0.9909 

0.9908 

0.9907 

0.9906 

0.9904 

0.9903 

0.9902 

0.9901 

0.9900 

0.9899 

0.9898 

0.9897 

0.9897 

0.9896 

0.9895 

0.9894 

0.9893 

0.9892 

0.9891 

0.989 

0.9889 

0.9888 

0.9887 

0.9886 

0.9884 

0.9 

0.9898 

0.9897 

0.9897 

0.9895 

0.9894 

0.9892 

0.9891 

0.9890 

0.9889 

0.9888 

0.9886 

0.9885 

0.9885 

0.9884 

0.9883 

0.9882 

0.9881 

0.988 

0.9879 

0.9878 

0.9877 

0.9875 

0.9874 

0.9873 

0.9871 

0.987 

1.0 

0.9886 

0.9886 

0.9885 

0.9884 

0.9882 

0.9880 

0.9879 

0.9878 

0.9877 

0.9875 

0.9874 

0.9873 

0.9872 

0.9871 

0.987 

0.9869 

0.9868 

0.9867 

0.9865 

0.9864 

0.9863 

0.9861 

0.986 

0.9859 

0.9857 

0.9855 

1.1 

0.9875 

0.9875 

0.9874 

0.9872 

0.9870 

0.9868 

0.9867 

0.9866 

0.9864 

0.9863 

0.9861 

0.9860 

0.9859 

0.9858 

0.9857 

0.9856 

0.9854 

0.9853 

0.9852 

0.9851 

0.9849 

0.9848 

0.9846 

0.9844 

0.9843 

0.9841 

1.2 

0.9863 

0.9863 

0.9862 

0.9860 

0.9859 

0.9856 

0.9855 

0.9853 

0.9852 

0.9850 

0.9848 

0.9847 

0.9846 

0.9845 

0.9844 

0.9843 

0.9841 

0.984 

0.9838 

0.9837 

0.9835 

0.9834 

0.9832 

0.983 

0.9828 

0.9826 

1.3 

0.9852 

0.9852 

0.9851 

0.9849 

0.9847 

0.9844 

0.9843 

0.9841 

0.9840 

0.9838 

0.9836 

0.9835 

0.9833 

0.9832 

0.9831 

0.9829 

0.9828 

0.9827 

0.9825 

0.9823 

0.9822 

0.982 

0.9818 

0.9816 

0.9814 

0.9812 

1.4 

0.9841 

0.9840 

0.9840 

0.9837 

0.9835 

0.9832 

0.9831 

0.9829 

0.9827 

0.9825 

0.9823 

0.9822 

0.9821 

0.9819 

0.9818 

0.9816 

0.9815 

0.9813 

0.9812 

0.981 

0.9808 

0.9806 

0.9804 

0.9802 

0.98 

0.9798 

1.5 

0.9829 

0.9829 

0.9828 

0.9826 

0.9823 

0.9820 

0.9819 

0.9817 

0.9815 

0.9813 

0.9810 

0.9809 

0.9808 

0.9806 

0.9805 

0.9803 

0.9802 

0.98 

0.9798 

0.9796 

0.9794 

0.9792 

0.979 

0.9788 

0.9786 

0.9783 

1.6 

0.9818 

0.9818 

0.9817 

0.9814 

0.9811 

0.9808 

0.9806 

0.9805 

0.9803 

0.9800 

0.9798 

0.9796 

0.9795 

0.9793 

0.9792 

0.979 

0.9788 

0.9787 

0.9785 

0.9783 

0.9781 

0.9778 

0.9776 

0.9774 

0.9771 

0.9769 

1.7 

0.9806 

0.9806 

0.9805 

0.9802 

0.9800 

0.9796 

0.9794 

0.9792 

0.9790 

0.9788 

0.9785 

0.9784 

0.9782 

0.9780 

0.9779 

0.9777 

0.9775 

0.9773 

0.9771 

0.9769 

0.9767 

0.9764 

0.9762 

0.976 

0.9757 

0.9754 

1.8 

0.9795 

0.9795 

0.9794 

0.9791 

0.9788 

0.9784 

0.9782 

0.9780 

0.9778 

0.9775 

0.9772 

0.9771 

0.9769 

0.9768 

0.9766 

0.9764 

0.9762 

0.976 

0.9758 

0.9755 

0.9753 

0.9751 

0.9748 

0.9745 

0.9743 

0.974 
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1.9 

0.9784 

0.9783 

0.9782 

0.9779 

0.9776 

0.9772 

0.9770 

0.9768 

0.9766 

0.9763 

0.9760 

0.9758 

0.9756 

0.9755 

0.9753 

0.9751 

0.9749 

0.9747 

0.9744 

0.9742 

0.9739 

0.9737 

0.9734 

0.9731 

0.9728 

0.9725 

2.0 

0.9772 

0.9772 

0.9771 

0.9767 

0.9764 

0.9760 

0.9758 

0.9756 

0.9753 

0.9750 

0.9747 

0.9745 

0.9744 

0.9742 

0.974 

0.9738 

0.9735 

0.9733 

0.9731 

0.9728 

0.9726 

0.9723 

0.972 

0.9717 

0.9714 

0.9711 

2.1 

0.9761 

0.9761 

0.9759 

0.9756 

0.9753 

0.9748 

0.9746 

0.9744 

0.9741 

0.9738 

0.9734 

0.9733 

0.9731 

0.9729 

0.9727 

0.9725 

0.9722 

0.972 

0.9717 

0.9715 

0.9712 

0.9709 

0.9706 

0.9703 

0.97 

0.9696 

2.2 

0.9750 

0.9749 

0.9748 

0.9744 

0.9741 

0.9736 

0.9734 

0.9731 

0.9729 

0.9725 

0.9722 

0.9720 

0.9718 

0.9716 

0.9714 

0.9711 

0.9709 

0.9706 

0.9704 

0.9701 

0.9698 

0.9659 

0.9692 

0.9689 

0.9685 

0.9682 

2.3 

0.9738 

0.9738 

0.9736 

0.9732 

0.9729 

0.9724 

0.9722 

0.9719 

0.9716 

0.9713 

0.9709 

0.9707 

0.9705 

0.9703 

0.9701 

0.9698 

0.9696 

0.9693 

0.969 

0.9688 

0.9685 

0.9681 

0.9678 

0.9675 

0.9671 

0.9667 

2.4 

0.9727 

0.9726 

0.9725 

0.9721 

0.9717 

0.9712 

0.9710 

0.9707 

0.9704 

0.9700 

0.9697 

0.9694 

0.9692 

0.9690 

0.9688 

0.9685 

0.9683 

0.968 

0.9677 

0.9674 

0.9671 

0.9668 

0.9664 

0.9661 

0.9657 

0.9653 

2.5 

0.9715 

0.9715 

0.9713 

0.9709 

0.9705 

0.9700 

0.9698 

0.9695 

0.9692 

0.9688 

0.9684 

0.9682 

0.9680 

0.9677 

0.9675 

0.9672 

0.9669 

0.9666 

0.9663 

0.966 

0.9657 

0.9654 

0.965 

0.9646 

0.9643 

0.9639 

2.6 

0.9704 

0.9704 

0.9702 

0.9698 

0.9694 

0.9688 

0.9686 

0.9683 

0.9679 

0.9675 

0.9671 

0.9669 

0.9667 

0.9664 

0.9662 

0.9659 

0.9656 

0.9653 

0.965 

0.9647 

0.9643 

0.964 

0.9636 

0.9632 

0.9628 

0.9624 

2.7 

0.9693 

0.9692 

0.9691 

0.9686 

0.9682 

0.9676 

0.9673 

0.9670 

0.9667 

0.9663 

0.9659 

0.9656 

0.9654 

0.9651 

0.9649 

0.9646 

0.9643 

0.964 

0.9637 

0.9633 

0.963 

0.9626 

0.9622 

0.9618 

0.9614 

0.961 

2.8 

0.9681 

0.9681 

0.9679 

0.9674 

0.9670 

0.9664 

0.9661 

0.9658 

0.9654 

0.9650 

0.9646 

0.9644 

0.9641 

0.9638 

0.9636 

0.9633 

0.963 

0.9626 

0.9623 

0.962 

0.9616 

0.9612 

0.9608 

0.9604 

0.96 

0.9595 

2.9 

0.9670 

0.9669 

0.9668 

0.9663 

0.9658 

0.9652 

0.9649 

0.9646 

0.9642 

0.9638 

0.9633 

0.9631 

0.9628 

0.9625 

0.9623 

0.962 

0.9616 

0.9613 

0.961 

0.9606 

0.9602 

0.9598 

0.9594 

0.959 

0.9585 

0.9581 

3.0 

0.9658 

0.9658 

0.9656 

0.9651 

0.9647 

0.9640 

0.9637 

0.9634 

0.9630 

0.9626 

0.9621 

0.9618 

0.9615 

0.9613 

0.961 

0.9606 

0.9603 

0.96 

0.9596 

0.9592 

0.9588 

0.9584 

0.958 

0.9576 

0.9571 

0.9566 

3.1 

0.9647 

0.9647 

0.9645 

0.9639 

0.9635 

0.9628 

0.9625 

0.9622 

0.9617 

0.9613 

0.9608 

0.9605 

0.9603 

0.96 

0.9597 

0.9593 

0.959 

0.9586 

0.9583 

0.9579 

0.9575 

0.9571 

0.9566 

0.9562 

0.9557 

0.9552 

3.2 

0.9636 

0.9635 

0.9633 

0.9628 

0.9623 

0.9616 

0.9613 

0.9609 

0.9605 

0.9601 

0.9595 

0.9593 

0.959 

0.9587 

0.9584 

0.958 

0.9577 

0.9573 

0.9569 

0.9565 

0.9561 

0.9557 

0.9552 

0.9547 

0.9542 

0.9537 

3.3 

0.9624 

0.9624 

0.9622 

0.9616 

0.9611 

0.9604 

0.9601 

0.9597 

0.9593 

0.9588 

0.9583 

0.958 

0.9577 

0.9574 

0.9571 

0.9567 

0.9564 

0.956 

0.9556 

0.9552 

0.9547 

0.9543 

0.9538 

0.9533 

0.9528 

0.9523 

3.4 

0.9613 

0.9612 

0.961 

0.9604 

0.9599 

0.9592 

0.9589 

0.9585 

0.958 

0.9576 

0.957 

0.9567 

0.9564 

0.9561 

0.9558 

0.9554 

0.955 

0.9546 

0.9542 

0.9538 

0.9534 

0.9529 

0.9524 

0.9519 

0.9514 

0.9508 

3.5 

0.9602 

0.9601 

0.9599 

0.9593 

0.9588 

0.958 

0.9577 

0.9573 

0.9568 

0.9563 

0.9558 

0.9554 

0.9551 

0.9548 

0.9545 

0.9541 

0.9537 

0.9533 

0.9529 

0.9524 

0.952 

0.9515 

0.951 

0.9505 

0.95 

0.9494 

3.6 

0.959 

0.959 

0.9587 

0.9581 

0.9576 

0.9568 

0.9565 

0.956 

0.9556 

0.9551 

0.9545 

0.9542 

0.9538 

0.9535 

0.9532 

0.9528 

0.9524 

0.952 

0.9515 

0.9511 

0.9506 

0.9501 

0.9496 

0.9491 

0.9485 

0.948 

3.7 

0.9579 

0.9578 

0.9576 

0.957 

0.9561 

0.9556 

0.9553 

0.9548 

0.9543 

0.9538 

0.9532 

0.9529 

0.9526 

0.9522 

0.9518 

0.9515 

0.9511 

0.9506 

0.9502 

0.9497 

0.9492 

0.9487 

0.9482 

0.9477 

0.9471 

0.9465 

3.8 

0.9567 

0.9567 

0.9564 

0.9558 

0.9552 

0.9544 

0.954 

0.9536 

0.9531 

0.9526 

0.952 

0.9516 

0.9513 

0.9509 

0.9505 

0.9502 

0.9497 

0.9493 

0.9488 

0.9484 

0.9479 

0.9474 

0.9468 

0.9463 

0.9457 

0.9451 

3.9 

0.9556 

0.9555 

0.9533 

0.9546 

0.954 

0.9532 

0.9528 

0.9524 

0.9519 

0.9513 

0.9507 

0.9504 

0.95 

0.9496 

0.9492 

0.9488 

0.9484 

0.948 

0.9475 

0.947 

0.9465 

0.946 

0.9454 

0.9448 

0.9442 

0.9436 

4 

0.9545 

0.9544 

0.9542 

0.9535 

0.9529 

0.952 

0.9516 

0.9512 

0.9506 

0.9501 

0.9494 

0.9491 

0.9487 

0.9483 

0.9479 

0.9475 

0.9471 

0.9465 

0.9462 

0.9457 

0.9451 

0.9446 

0.944 

0.9434 

0.9428 

0.9422 




Table C-4 Y 2 Expansion Factors—Flange Taps (Static Pressure Taken from Downstream Taps) 



w 

P f 2 

0.1 

0.2 

0.3 

0.40 

0.45 

0.50 

0.52 

0.54 

0.56 

0.58 

0.60 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.7 

0.71 

0.72 

0.73 

0.74 

0.75 

0.0 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

0.1 

1.0007 

1.0007 

1.0006 

1.0006 

1.0006 

1.0006 

1.0006 

1.0006 

1.0006 

1.0006 

1.0005 

1.0005 

1.0005 

1.0005 

1.0005 

1.0005 

1.0005 

1.0005 

1.0004 

1.0004 

1.0004 

1.0004 

1.0004 

1.0004 

1.0004 

1.0004 

0.2 

1.0013 

1.0013 

1.0013 

1.0013 

1.0012 

1.0012 

1.0012 

1.0012 

1.0011 

1.0011 

1.0011 

1.0011 

1.0010 

1.0010 

1.001 

1.001 

1.001 

1.0009 

1.0009 

1.0009 

1.0009 

1.0008 

1.0008 

1.0008 

1.0008 

1.0007 

0.3 

1.0020 

1.0020 

1.0020 

1.0019 

1.0019 

1.0018 

1.0018 

1.0018 

1.0017 

1.0017 

1.0016 

1.0016 

1.0016 

1.0015 

1.0015 

1.0015 

1.0014 

1.0014 

1.0014 

1.0013 

1.0013 

1.0013 

1.0012 

1.0012 

1.0011 

1.0011 

0.4 

1.0027 

1.0027 

1.0026 

1.0026 

1.0025 

1.0024 

1.0024 

1.0023 

1.0023 

1.0022 

1.0022 

1.0021 

1.0021 

1.0021 

1.002 

1.002 

1.0019 

1.0019 

1.0018 

1.0018 

1.0017 

1.0017 

1.0016 

1.0016 

1.0015 

1.0014 

0.5 

1.0033 

1.0033 

1.0033 

1.0032 

1.0031 

1.0030 

1.0030 

1.0029 

1.0029 

1.0028 

1.0027 

1.0027 

1.0026 

1.0026 

1.0025 

1.0025 

1.0024 

1.0024 

1.0023 

1.0022 

1.0022 

1.0021 

1.002 

1.002 

1.0019 

1.0018 

0.6 

1.0040 

1.0040 

1.0040 

1.0039 

1.0038 

1.0036 

1.0036 

1.0035 

1.0034 

1.0034 

1.0033 

1.0032 

1.0032 

1.0031 

1.003 

1.003 

1.0029 

1.0028 

1.0028 

1.0027 

1.0026 

1.0025 

1.0025 

1.0024 

1.0023 

1.0022 

0.7 

1.0047 

1.0047 

1.0046 

1.0045 

1.0044 

1.0043 

1.0042 

1.0041 

1.0040 

1.0039 

1.0038 

1.0038 

1.0037 

1.0036 

1.0036 

1.0035 

1.0034 

1.0033 

1.0032 

1.0032 

1.0031 

1.003 

1.0029 

1.0028 

1.0027 

1.0026 

0.8 

1.0054 

1.0053 

1.0053 

1.0052 

1.0050 

1.0049 

1.0048 

1.0047 

1.0046 

1.0045 

1.0044 

1.0043 

1.0042 

1.0042 

1.0041 

1.004 

1.0039 

1.0038 

1.0037 

1.0036 

1.0035 

1.0034 

1.0033 

1.0032 

1.003 

1.0029 

0.9 

1.0060 

1.0060 

1.0060 

1.0058 

1.0057 

1.0055 

1.0054 

1.0053 

1.0052 

1.0050 

1.0049 

1.0048 

1.0048 

1.0047 

1.0046 

1.0045 

1.0044 

1.0043 

1.0042 

1.0041 

1.004 

1.0038 

1.0037 

1.0036 

1.0034 

1.0033 

1.0 

1.0067 

1.0067 

1.0066 

1.0065 

1.0063 

1.0061 

1.0060 

1.0059 

1.0058 

1.0056 

1.0055 

1.0054 

1.0053 

1.0052 

1.0051 

1.005 

1.0049 

1.0048 

1.0047 

1.0045 

1.0044 

1.0043 

1.0041 

1.004 

1.0038 

1.0037 

1.1 

1.0074 

1.0074 

1.0073 

1.0071 

1.0069 

1.0067 

1.0066 

1.0065 

1.0063 

1.0062 

1.0060 

1.0059 

1.0058 

1.0057 

1.0056 

1.0055 

1.0054 

1.0053 

1.0051 

1.005 

1.0049 

1.0047 

1.0046 

1.0044 

1.0042 

1.0041 

1.2 

1.0080 

1.0080 

1.0080 

1.0078 

1.0076 

1.0073 

1.0072 

1.0071 

1.0069 

1.0068 

1.0066 

1.0065 

1.0064 

1.0062 

1.0061 

1.006 

1.0059 

1.0058 

1.0056 

1.0055 

1.0053 

1.0052 

1.005 

1.0048 

1.0046 

1.0044 

1.3 

1.0087 

1.0087 

1.0086 

1.0084 

1.0082 

1.0080 

1.0078 

1.0077 

1.0075 

1.0073 

1.0071 

1.0070 

1.0069 

1.0068 

1.0066 

1.0065 

1.0064 

1.0062 

1.0061 

1.0059 

1.0058 

1.0056 

1.0054 

1.0052 

1.005 

1.0048 

1.4 

1.0094 

1.0094 

1.0093 

1.0091 

1.0089 

1.0086 

1.0084 

1.0083 

1.0081 

1.0079 

1.0077 

1.0076 

1.0074 

1.0073 

1.0072 

1.007 

1.0069 

1.0067 

1.0066 

1.0064 

1.0062 

1.006 

1.0058 

1.0056 

1.0054 

1.0052 

1.5 

1.0101 

1.0101 

1.0100 

1.0097 

1.0095 

1.0092 

1.0090 

1.0089 

1.0087 

1.0085 

1.0082 

1.0081 

1.0080 

1.0078 

1.0077 

1.0076 

1.0074 

1.0072 

1.007 

1.0069 

1.0067 

1.0065 

1.0063 

1.006 

1.0058 

1.0056 

1.6 

1.0108 

1.0107 

1.0106 

1.0104 

1.0101 

1.0098 

1.0096 

1.0095 

1.0093 

1.0090 

1.0088 

1.0087 

1.0085 

1.0084 

1.0082 

1.0081 

1.0079 

1.0077 

1.0075 

1.0073 

1.0071 

1.0069 

1.0067 

1.0065 

1.0062 

1.006 

1.7 

1.0114 

1.0114 

1.0113 

1.0110 

1.0108 

1.0104 

1.0103 

1.0101 

1.0099 

1.0096 

1.0094 

1.0092 

1.0091 

1.0089 

1.0088 

1.0086 

1.0084 

1.0082 

1.008 

1.0078 

1.0076 

1.0074 

1.0071 

1.0069 

1.0066 

1.0064 

1.8 

1.0121 

1.0121 

1.0120 

1.0117 

1.0114 

1.0111 

1.0109 

1.0107 

1.0104 

1.0102 

1.0099 

1.0098 

1.0096 

1.0094 

1.0093 

1.0091 

1.0089 

1.0087 

1.0085 

1.0083 

1.008 

1.0078 

1.0076 

1.0073 

1.007 

1.0068 

1.9 

1.0128 

1.0128 

1.0126 

1.0123 

1.0121 

1.0117 

1.0115 

1.0113 

1.0110 

1.0108 

1.0105 

1.0103 

1.0102 

1.0100 

1.0098 

1.0096 

1.0094 

1.0092 

1.009 

1.0088 

1.0085 

1.0083 

1.008 

1.0077 

1.0074 

1.0071 




w 

P f 2 

0.1 

0.2 

0.3 

0.40 

0.45 

0.50 

0.52 

0.54 

0.56 

0.58 

0.60 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.7 

0.71 

0.72 

0.73 

0.74 

0.75 

2.0 

1.0135 

1.0134 

1.0133 

1.0130 

1.0127 

1.0123 

1.0121 

1.0119 

1.0116 

1.0114 

1.0110 

1.0109 

1.0107 

1.0105 

1.0103 

1.0101 

1.0099 

1.0097 

1.0095 

1.0092 

1.009 

1.0087 

1.0084 

1.0081 

1.0078 

1.0075 

2.1 

1.0142 

1.0141 

1.0140 

1.0136 

1.0134 

1.0129 

1.0127 

1.0125 

1.0122 

1.0119 

1.0116 

1.0114 

1.0112 

1.0111 

1.0109 

1.0106 

1.0104 

1.0102 

1.01 

1.0097 

1.0094 

1.0092 

1.0089 

1.0086 

1.0083 

1.0079 

2.2 

1.0148 1.0148 

1.0147 

1.0143 

1.0140 

1.0136 

1.0133 

1.0131 

1.0128 

1.0125 

1.0122 

1.0120 

1.0118 

1.0116 

1.0114 

1.0112 

1.0109 

1.0107 

1.0104 

1.0102 

1.0099 

1.0096 

1.0093 

1.009 

1.0087 

1.0083 

2.3 

1.0155 

1.0155 

1.0154 

1.0150 

1.0146 

1.0142 

1.0140 

1.0137 

1.0134 

1.0131 

1.0127 

1.0126 

1.0124 

1.0121 

1.0119 

1.0117 

1.0114 

1.0112 

1.0109 

1.0106 

1.0104 

1.0101 

1.0098 

1.0094 

1.0091 

1.0087 

2.4 

1.0162 

1.0162 

1.0160 

1.0156 

1.0153 

1.0148 

1.0146 

1.0143 

1.0140 

1.0137 

1.0133 

1.0131 

1.0129 

1.0127 

1.0124 

1.0122 

1.012 

1.0117 

1.0114 

1.0111 

1.0108 

1.0105 

1.0102 

1.0098 

1.0095 

1.0091 

2.5 

1.0169 

1.0168 

1.0167 

1.0163 

1.0159 

1.0154 

1.0152 

1.0149 

1.0146 

1.0142 

1.0139 

1.0137 

1.0134 

1.0132 

1.013 

1.0127 

1.0125 

1.0122 

1.0119 

1.0116 

1.0113 

1.011 

1.0106 

1.0103 

1.0099 

1.0095 

2.6 

1.0176 

1.0175 

1.0174 

1.0170 

1.0166 

1.0161 

1.0158 

1.0155 

1.0152 

1.0148 

1.0144 

1.0142 

1.0140 

1.0138 

1.0135 

1.0133 

1.013 

1.0127 

1.0124 

1.0121 

1.0118 

1.0114 

1.0111 

1.0107 

1.0103 

1.0099 

2.7 

1.0182 

1.0182 

1.0180 

1.0176 

1.0172 

1.0167 

1.0164 

1.0161 

1.0158 

1.0154 

1.0150 

1.0148 

1.0146 

1.0143 

1.014 

1.0138 

1.0135 

1.0132 

1.0129 

1.0126 

1.0122 

1.0119 

1.0115 

1.0111 

1.0107 

1.0103 

2.8 

1.0189 

1.0189 

1.0187 

1.0183 

1.0179 

1.0173 

1.0170 

1.0167 

1.0164 

1.0160 

1.0156 

1.0154 

1.0151 

1.0148 

1.0146 

1.0143 

1.014 

1.0137 

1.0134 

1.0131 

1.0127 

1.0124 

1.012 

1.0116 

1.0112 

1.0107 

2.9 

1.0196 

1.0196 

1.0194 

1.0189 

1.0185 

1.0180 

1.0177 

1.0173 

1.0170 

1.0166 

1.0162 

1.0159 

1.0157 

1.0154 

1.0151 

1.0148 

1.0145 

1.0142 

1.0139 

1.0136 

1.0132 

1.0128 

1.0124 

1.012 

1.0116 

1.0111 

3.0 

1.0203 

1.0203 

1.0201 

1.0196 

1.0192 

1.0186 

1.0183 

1.0180 

1.0176 

1.0172 

1.0167 

1.0165 

1.0162 

1.0160 

1.0157 

1.0154 

1.015 

1.0147 

1.0144 

1.014 

1.0137 

1.0133 

1.0129 

1.0124 

1.012 

1.0116 

3.1 

1.0210 

1.0210 

1.0208 

1.0203 

1.0198 

1.0192 

1.0189 

1.0186 

1.0182 

1.0178 

1.0173 

1.0170 

1.0168 

1.0165 

1.0162 

1.0159 

1.0156 

1.0152 

1.0149 

1.0145 

1.0141 

1.0137 

1.0133 

1.0129 

1.0124 

1.012 

3.2 

1.0217 

1.0216 

1.0214 

1.0209 

1.0205 

1.0198 

1.0195 

1.0192 

1.0188 

1.0184 

1.0179 

1.0176 

1.0173 

1.0170 

1.0167 

1.0164 

1.0161 

1.0158 

1.0154 

1.015 

1.0146 

1.0142 

1.0138 

1.0133 

1.0128 

1.0124 

3.3 

1.0224 

1.0223 

1.0221 

1.0216 

1.0211 

1.0205 

1.0202 

1.0198 

1.0194 

1.0189 

1.0184 

1.0182 

1.0179 

1.0176 

1.0173 

1.0175 

1.0171 

1.0168 

1.0164 

1.016 

1.0156 

1.0151 

1.0147 

1.0142 

1.0137 

1.0132 

3.4 

1.0230 

1.0230 

1.0228 

1.0223 

1.0218 

1.0211 

1.0208 

1.0204 

1.0200 

1.0195 

1.0190 

1.0187 

1.0184 

1.0181 

1.0178 

1.0175 

1.0171 

1.0168 

1.0164 

1.016 

1.0156 

1.0151 

1.0147 

1.0142 

1.0137 

1.0132 

3.5 

1.0237 

1.0237 

1.0235 

1.0229 

1.0224 

1.0217 

1.0214 

1.0210 

1.0216 

1.0201 

1.0196 

1.0193 

1.0910 

1.0187 

1.0184 

1.018 

1.0177 

1.0173 

1.0169 

1.0165 

1.016 

1.0156 

1.0151 

1.0146 

1.0141 

1.0136 

3.6 

1.0244 

1.0244 

1.0242 

1.0236 

1.0231 

1.0224 

1.0220 

1.0216 

1.0212 

1.0207 

1.0202 

1.0199 

1.0196 

1.0192 

1.0189 

1.0186 

1.0182 

1.0178 

1.0174 

1.017 

1.0165 

1.0161 

1.0156 

1.0151 

1.0146 

1.014 

3.7 

1.0251 

1.0251 

1.0248 

1.0243 

1.0237 

1.0230 

1.0226 

1.0222 

1.0218 

1.0213 

1.0207 

1.0204 

1.0201 

1.0198 

1.0195 

1.0191 

1.0187 

1.0183 

1.0179 

1.0175 

1.017 

1.0165 

1.016 

1.0155 

1.015 

1.0144 

3.8 

1.0258 

1.0258 

1.0255 

10249 

1.0244 

1.0236 

1.0233 

1.0229 

1.0224 

1.0219 

1.0213 

1.0210 

1.0207 

1.0204 

1.02 

1.0196 

1.0192 

1.0188 

1.0184 

1.018 

1.0175 

1.017 

1.0165 

1.016 

1.0154 

1.0148 

3.9 

1.0265 

1.0264 

1.0262 

1.0256 

1.0250 

1.0243 

1.0239 

1.0235 

1.0230 

1.0225 

1.0219 

1.0216 

1.0213 

1.0209 

1.0206 

1.0202 

1.0198 

1.0194 

1.0189 

1.0185 

1.018 

1.0175 

1.017 

1.0164 

1.0159 

1.0153 


4.0 1.0272 1.0271 1.0269 1.0263 1.0257 1.0249 1.0245 1.0241 1.0236 1.0231 1.0225 1.0222 1.0218 1.0215 1.0211 1.0207 1.0203 1.0199 1.0194 1.019 1.0185 1.018 1.0174 1.0169 1.0163 1.0157 




Table C-5 Y m Expansion Factors—Flange Taps (Static Pressure Mean of Upstream and Downstream) 


1 ^ 

0.1 

0.2 

0.3 

0.40 

0.45 

0.50 

0.52 

0.54 

0.56 

0.58 

0.60 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.7 

0.71 

0.72 

0.73 

0.74 

0.75 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0.1 

0.9998 

0.9998 

0.9998 

0.9997 

0.9997 

0.9997 

0.9997 

0.9997 

0.9997 

0.9996 

0.9996 

0.9996 

0.9996 

0.9996 

0.9996 

0.9996 

0.9996 

0.9996 

0.9996 

0.9995 

0.9995 

0.9995 

0.9995 

0.9995 

0.9995 

0.9994 

0.2 

0.9995 

0.9995 

0.9995 

0.9995 

0.9994 

0.9994 

0.9994 

0.9994 

0.9993 

0.9993 

0.9993 

0.9993 

0.9992 

0.9992 

0.9992 

0.9992 

0.9992 

0.9991 

0.9991 

0.9991 

0.9991 

0.999 

0.999 

0.999 

0.9989 

0.9989 

0.3 

0.9993 

0.9993 

0.9993 

0.9992 

0.9992 

0.9991 

0.9991 

0.9990 

0.9990 

0.9990 

0.9989 

0.9989 

0.9989 

0.9988 

0.9988 

0.9988 

0.9987 

0.9987 

0.9987 

0.9986 

0.9986 

0.9986 

0.9985 

0.9985 

0.9984 

0.9984 

0.4 

0.9991 

0.9990 

0.9990 

0.9990 

0.9989 

0.9988 

0.9988 

0.9987 

0.9987 

0.9986 

0.9986 

0.9985 

0.9985 

0.9984 

0.9984 

0.9984 

0.9983 

0.9983 

0.9982 

0.9982 

0.9981 

0.9981 

0.998 

0.998 

0.9979 

0.9978 

0.5 

0.9988 

0.9988 

0.9988 

0.9987 

0.9986 

0.9985 

0.9985 

0.9984 

0.9984 

0.9983 

0.9982 

0.9982 

0.9981 

0.9981 

0.9980 

0.998 

0.9979 

0.9979 

0.9978 

0.9977 

0.9977 

0.9976 

0.9975 

0.9975 

0.9974 

0.9973 

0.6 

0.9986 

0.9986 

0.9986 

0.9984 

0.9984 

0.9982 

0.9982 

0.9981 

0.9980 

0.9979 

0.9978 

0.9978 

0.9977 

0.9977 

0.9976 

0.9976 

0.9975 

0.9974 

0.9974 

0.9973 

0.9972 

0.9971 

0.997 

0.997 

0.9969 

0.9968 

0.7 

0.9984 

0.9984 

0.9983 

0.9982 

0.9981 

0.9980 

0.9979 

0.9978 

0.9977 

0.9976 

0.9975 

0.9974 

0.9974 

0.9973 

0.9972 

0.9972 

0.9971 

0.997 

0.9969 

0.9968 

0.9968 

0.9966 

0.9966 

0.9964 

0.9964 

0.9962 

0.8 

0.9982 

0.9981 

0.9981 

0.9980 

0.9978 

0.9977 

0.9976 

0.9975 

0.9974 

0.9973 

0.9971 

0.9971 

0.9970 

0.9969 

0.9968 

0.9968 

0.9967 

0.9966 

0.9965 

0.9964 

0.9963 

0.9962 

0.9961 

0.996 

0.9958 

0.9957 

0.9 

0.9979 

0.9979 

0.9978 

0.9977 

0.9976 

0.9974 

0.9973 

0.9972 

0.9971 

0.9969 

0.9968 

0.9967 

0.9966 

0.9966 

0.9965 

0.9964 

0.9963 

0.9962 

0.9961 

0.996 

0.9958 

0.9957 

0.9956 

0.9955 

0.9953 

0.9952 

1.0 

0.9977 

0.9977 

0.9976 

0.9974 

0.9973 

0.9971 

0.9970 

0.9969 

0.9968 

0.9966 

0.9964 

0.9964 

0.9963 

0.9962 

0.9961 

0.996 

0.9959 

0.9958 

0.9956 

0.9955 

0.9954 

0.9952 

0.9951 

0.995 

0.9948 

0.9946 

1.1 

0.9975 

0.9975 

0.9974 

0.9972 

0.9970 

0.9968 

0.9967 

0.9966 

0.9964 

0.9963 

0.9961 

0.9960 

0.9959 

0.9958 

0.9957 

0.9956 

0.9955 

0.9953 

0.9952 

0.9951 

0.9949 

0.9948 

0.9946 

0.9945 

0.9943 

0.9941 

1.2 

0.9972 

0.9972 

0.9972 

0.9970 

0.9968 

0.9965 

0.9964 

0.9963 

0.9961 

0.9959 

0.9958 

0.9956 

0.9955 

0.9954 

0.9953 

0.9952 

0.9951 

0.9949 

0.9948 

0.9946 

0.9945 

0.9943 

0.9942 

0.994 

0.9938 

0.9936 

1.3 

0.9970 

0.9970 

0.9969 

0.9967 

0.9965 

0.9962 

0.9961 

0.9960 

0.9958 

0.9956 

0.9954 

0.9953 

0.9952 

0.9951 

0.9949 

0.9948 

0.9947 

0.9945 

0.9944 

0.9942 

0.994 

0.9939 

0.9937 

0.9935 

0.9933 

0.9931 

1.4 

0.9968 

0.9968 

0.9967 

0.9965 

0.9963 

0.9960 

0.9958 

0.9957 

0.9955 

0.9952 

0.9951 

0.9950 

0.9948 

0.9947 

0.9946 

0.9944 

0.9943 

0.9941 

0.9939 

0.9938 

0.9936 

0.9934 

0.9932 

0.993 

0.9928 

0.9926 

1.5 

0.9966 

0.9966 

0.9965 

0.9962 

0.9960 

0.9957 

0.9955 

0.9954 

0.9952 

0.9950 

0.9946 

0.9946 

0.9945 

0.9943 

0.9942 

0.994 

0.9939 

0.9937 

0.9935 

0.9933 

0.9931 

0.9929 

0.9927 

0.9925 

0.9923 

0.992 

1.6 

0.9964 

0.9964 

0.9962 

0.9960 

0.9957 

0.9954 

0.9952 

0.9951 

0.9949 

0.9946 

0.9944 

0.9942 

0.9941 

0.9940 

0.9938 

0.9936 

0.9935 

0.9933 

0.9931 

0.9929 

0.9927 

0.9925 

0.9922 

0.992 

0.9918 

0.9915 

1.7 

0.9962 

0.9961 

0.9960 

0.9957 

0.9955 

0.9951 

0.9950 

0.9948 

0.9946 

0.9943 

0.9940 

0.9939 

0.9938 

0.9936 

0.9934 

0.9932 

0.9931 

0.9929 

0.9927 

0.9925 

0.9922 

0.992 

0.9918 

0.9915 

0.9913 

0.991 

1.8 

0.9959 

0.9959 

0.9958 

0.9955 

0.9952 

0.9949 

0.9947 

0.9945 

0.9942 

0.9940 

0.9937 

0.9936 

0.9934 

0.9932 

0.993 

0.9929 

0.9927 

0.9925 

0.9923 

0.992 

0.9918 

0.9916 

0.9913 

0.991 

0.9908 

0.9905 




K 

P f 2 

0.1 

0.2 

0.3 

0.40 

0.45 

0.50 

0.52 

0.54 

0.56 

0.58 

0.60 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.7 

0.71 

0.72 

0.73 

0.74 

0.75 

1.9 

0.9957 

0.9957 

0.9956 

0.9953 

0.9950 

0.9946 

0.9944 

0.9942 

0.9939 

0.9937 

0.9934 

0.9932 

0.9930 

0.9929 

0.9927 

0.9925 

0.9923 

0.9921 

0.9918 

0.9916 

0.9914 

0.9911 

0.9908 

0.9906 

0.9903 

0.99 

2.0 

0.9955 

0.9955 

0.9954 

0.9950 

0.9947 

0.9943 

0.9941 

0.9939 

0.9936 

0.9934 

0.9930 

0.9929 

0.9927 

0.9925 

0.9923 

0.9921 

0.9919 

0.9917 

0.9914 

0.9912 

0.9909 

0.9907 

0.9904 

0.9901 

0.9898 

0.9895 

2.1 

0.9953 

0.9953 

0.9951 

0.9948 

0.9945 

0.9940 

0.9938 

0.9936 

0.9933 

0.9930 

0.9927 

0.9925 

0.9923 

0.9922 

0.9919 

0.9917 

0.9915 

0.9913 

0.991 

0.9908 

0.9905 

0.9902 

0.9899 

0.9896 

0.9893 

0.989 

2.2 

0.9951 

0.9951 

0.9949 

0.9946 

0.9942 

0.9938 

0.9936 

0.9933 

0.9930 

0.9927 

0.9924 

0.9922 

0.9920 

0.9918 

0.9916 

0.9914 

0.9911 

0.9909 

0.9906 

0.9903 

0.9901 

0.9898 

0.9895 

0.9891 

0.9888 

0.9885 

2.3 

0.9949 

0.9948 

0.9947 

0.9943 

0.9940 

0.9935 

0.9933 

0.9930 

0.9927 

0.9924 

0.9920 

0.9918 

0.9916 

0.9914 

0.9912 

0.991 

0.9907 

0.9905 

0.9902 

0.9899 

0.9896 

0.9893 

0.989 

0.9887 

0.9883 

0.9988 

2.4 

0.9947 

0.9946 

0.9945 

0.9941 

0.9937 

0.9932 

0.9930 

0.9927 

0.9924 

0.9921 

0.9917 

0.9915 

0.9913 

0.9911 

0.9908 

0.9906 

0.9903 

0.9901 

0.9898 

0.9895 

0.9892 

0.9889 

0.9885 

0.9882 

0.9878 

0.9874 

2.5 

0.9945 

0.9944 

0.9943 

0.9939 

0.9935 

0.9930 

0.9927 

0.9924 

0.9921 

0.9918 

0.9914 

0.9912 

0.9910 

0.9907 

0.9905 

0.9902 

0.99 

0.9897 

0.9894 

0.9891 

0.9888 

0.9884 

0.9881 

0.9877 

0.9873 

0.987 

2.6 

0.9943 

0.9942 

0.9941 

0.9936 

0.9932 

0.9927 

0.9924 

0.9922 

0.9918 

0.9915 

0.9911 

0.9908 

0.9906 

0.9904 

0.9901 

0.9898 

0.9896 

0.9893 

0.989 

0.9887 

0.9883 

0.988 

0.9876 

0.9872 

0.9868 

0.9864 

2.7 

0.9940 

0.9940 

0.9938 

0.9934 

0.9930 

0.9924 

0.9922 

0.9919 

0.9915 

0.9912 

0.9907 

0.9905 

0.9903 

0.9900 

0.9898 

0.9895 

0.9892 

0.9889 

0.9886 

0.9882 

0.9879 

0.9875 

0.9872 

0.9868 

0.9864 

0.986 

2.8 

0.9938 

0.9938 

0.9936 

0.9932 

0.9928 

0.9922 

0.9919 

0.9916 

0.9912 

0.9908 

0.9904 

0.9902 

0.9899 

0.9897 

0.9894 

0.9891 

0.9888 

0.9885 

0.9882 

0.9878 

0.9875 

0.9871 

0.9867 

0.9863 

0.9859 

0.9854 

2.9 

0.9936 

0.9936 

0.9934 

0.9929 

0.9925 

0.9919 

0.9916 

0.9913 

0.9910 

0.9905 

0.9901 

0.9898 

0.9896 

0.9893 

0.989 

0.9887 

0.9884 

0.9881 

0.9878 

0.9874 

0.987 

0.9867 

0.9863 

0.9858 

0.9854 

0.985 

3.0 

0.9934 

0.9934 

0.9932 

0.9927 

0.9923 

0.9917 

0.9914 

0.9910 

0.9906 

0.9902 

0.9898 

0.9895 

0.9892 

0.9890 

0.9887 

0.9884 

0.9881 

0.9877 

0.9874 

0.987 

0.9866 

0.9862 

0.9858 

0.9854 

0.9849 

0.9845 

3.1 

0.9932 

0.9932 

0.9930 

0.9925 

0.9920 

0.9914 

0.9911 

0.9908 

0.9904 

0.9899 

0.9894 

0.9892 

0.9889 

0.9886 

0.9883 

0.988 

0.9877 

0.9873 

0.987 

0.9866 

0.9862 

0.9858 

0.9854 

0.9849 

0.9844 

0.984 

3.2 

0.9930 

0.9930 

0.9928 

0.9923 

0.9918 

0.9912 

0.9908 

0.9905 

0.9901 

0.9896 

0.9891 

0.9889 

0.9886 

0.9883 

0.988 

0.9876 

0.9873 

0.987 

0.9866 

0.9862 

0.9858 

0.9854 

0.9849 

0.9845 

0.984 

0.9835 

3.3 

0.9928 

0.9928 

0.9926 

0.9920 

0.9916 

0.9909 

0.9906 

0.9902 

0.9898 

0.9893 

0.9888 

0.9885 

0.9882 

0.9879 

0.9876 

0.9873 

0.9869 

0.9866 

0.9862 

0.9858 

0.9854 

0.9849 

0.9845 

0.984 

0.9835 

0.983 

3.4 

0.9926 

0.9926 

0.9924 

0.9918 

0.9913 

0.9906 

0.9903 

0.9899 

0.9895 

0.9890 

0.9885 

0.9882 

0.9879 

0.9876 

0.9873 

0.9869 

0.9866 

0.9862 

0.9858 

0.9854 

0.985 

0.9845 

0.984 

0.9835 

0.983 

0.9825 

3.5 

0.9924 

0.9924 

0.9922 

0.9916 

0.9911 

0.9904 

0.9900 

0.9896 

0.9892 

0.9887 

0.9882 

0.9879 

0.9876 

0.9872 

0.9869 

0.9866 

0.9862 

0.9858 

0.9854 

0.985 

0.9845 

0.9841 

0.9836 

0.9831 

0.9826 

0.982 

3.6 

0.9922 

0.9922 

0.992 

0.9914 

0.9909 

0.9901 

0.9898 

0.9894 

0.9889 

0.9884 

0.9879 

0.9876 

0.9872 

0.9869 

0.9866 

0.9862 

0.9858 

0.9854 

0.985 

0.9846 

0.9841 

0.9836 

0.9831 

0.9826 

0.9821 

0.9815 

3.7 

0.9921 

0.992 

0.9918 

0.9912 

0.9906 

0.9899 

0.9895 

0.9891 

0.9886 

0.9881 

0.9876 

0.9872 

0.9869 

0.9866 

0.9862 

0.9858 

0.9855 

0.985 

0.9846 

0.9842 

0.9837 

0.9832 

0.9827 

0.9822 

0.9816 

0.981 

3.8 

0.9919 

0.9918 

0.9916 

0.991 

0.9904 

0.9896 

0.9893 

0.9888 

0.9884 

0.9878 

0.9872 

0.9869 

0.9866 

0.9862 

0.9859 

0.9855 

0.9851 

0.9847 

0.9842 

0.9838 

0.9833 

0.9828 

0.9823 

0.9817 

0.9812 

0.9806 

3.9 

0.9917 

0.9916 

0.9914 

0.9907 

0.9902 

0.9894 

0.989 

0.9886 

0.9881 

0.9875 

0.9869 

0.9866 

0.9863 

0.9859 

0.9855 

0.9851 

0.9847 

0.9843 

0.9838 

0.9834 

0.9829 

0.9824 

0.9818 

0.9813 

0.9807 

0.9801 


4 0.9915 0.9914 0.9912 0.9905 0.9899 0.9891 0.9887 0.9883 0.9878 0.9872 0.9866 0.9863 0.9859 0.9856 0.9852 0.9848 0.9844 0.9839 0.9835 0.983 0.9825 0.9819 0.9814 0.9808 0.9802 0.9796 
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Table C-6 F b Basic Orifice Factors—Pipe Taps 

Basic temperature = 60 °F 
Flowing temperature = 60 °F 
Base pressure = 14.73 psia 
Specific gravity = 1.0 


Pipe Sizes—Nominal and Published Inside Diameters, in 


Orifice 

Diameter 

(in) 


2 



3 



4 


1.689 

1.939 

2.067 

2.300 

2.626 

2.900 

3,068 

3.152 

3.430 

0.250 

12.850 

12.813 

12.800 

12.782 

12.765 

12.753 

12.748 

12.745 

12.737 

0.375 

29.359 

29.097 

29.005 

28.882 

28.771 

28.710 

28.682 

28.669 

28.634 

0.500 

53.703 

52.816 

52.401 

52.019 

51.591 

51.353 

51.243 

51.196 

51.064 

0.625 

87.212 

84.919 

84.083 

82.922 

81.795 

81.142 

80.835 

80.703 

80.332 

0.750 

132.23 

126.86 

124.99 

122.45 

120.06 

118.67 

118.00 

117.70 

116.86 

0.875 

192.74 

181.02 

177.08 

171.92 

167.23 

164.58 

163.31 

162.76 

161.17 

1.000 

275.45 

251.10 

243.27 

233.30 

224.56 

219.76 

217.52 

216.55 

213.79 

1.125 

391.93 

342.98 

327.98 

309.43 

293.79 

285.48 

281.66 

280.02 

275.42 

1.250 


465.99 

437.99 

404.52 

377.36 

363.41 

357.12 

354.45 

347.03 

1.375 



583.96 

524.68 

478.68 

455.82 

445.74 

441.48 

429.83 

1.500 




679.10 

602.45 

565.79 

549.94 

543.31 

525.40 

1.625 





755.34 

697.43 

672.95 

662.81 

635.76 

1.750 





946.99 

856.37 

819.05 

803.77 

763.51 

1.875 






1 , 050.4 

993.98 

971.19 

911.98 

2.000 






1 , 290.7 

1 , 205.6 

1 , 171.8 

1 , 085.5 

2.125 







1 , 465.1 

1 , 415.0 

1 , 289.7 

2.250 









1 , 532.0 

2.375 









1 , 822.8 
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Orifice 

4 



6 



8 


(in) 

3.826 

4.026 

4.897 

5.189 5.761 

6.065 

7.625 

7.981 

8.071 


0.250 12.727 12.722 
0.375 26.598 28.584 


0.500 

50.936 

50.886 

50.739 

50.705 

50.652 

50.628 




0.625 

79.974 

79.835 

79.436 

79.349 

79.217 

79.162 




0.750 

116.05 

115.73 

114.81 

114.61 

114.32 

114.20 




0.875 

159.57 

158,94 

157.11 

156.71 

156.13 

155.89 

155.10 

154.99 

154.96 

1.000 

211.03 

209.91 

206.62 

205.91 

204.84 

204.41 

203.00 

202.80 

202.75 

1.125 

270.90 

269.10 

263.71 

262.51 

260.71 

259.98 

257.62 

257.28 

257.20 

1.250 

339.87 

337.05 

328.73 

326.85 

324.02 

322.86 

319.10 

318.56 

318.44 

1.375 

418.79 

414.51 

402.06 

399.30 

395.08 

393.33 

387.62 

386.81 

386.62 

1.500 

508.76 

502.38 

484.20 

480.23 

474.20 

471.69 

463.39 

462.19 

461.92 

1.625 

611.11 

601.80 

575.73 

570.14 

561.73 

558.24 

546.61 

544.92 

544.53 

1.750 

727.54 

714.16 

677.38 

669.63 

658.08 

653.33 

637.51 

635.19 

634.65 

1.875 

860.17 

841.19 

789.99 

779.40 

763.77 

757.39 

736.34 

733.23 

732.52 

2.000 

1 , 011.7 

985.04 

914.57 

900.28 

879.38 

870.93 

843.34 

839.29 

838.35 

2.125 

1 , 185.3 

1 , 148.4 

1 , 052.3 

1 , 033.2 

1 , 005.6 

994.52 

958.78 

953.58 

952.38 

2.250 

1 , 385.4 

1 , 334.4 

1 , 204.7 

1 , 179.4 

1 , 143.2 

1 , 128.8 

1 , 083.0 

1 , 076.4 

1 , 074.9 

2.375 

1 , 617.2 

1 , 547.3 

1 , 373.4 

1 , 340.2 

1 , 293.1 

1 , 274.6 

1 , 216.3 

1 , 208.0 

1 , 206.1 

2.500 

1 , 887.6 

1 , 792.3 

1 , 560.5 

1 , 517.2 

1 , 456.4 

1 , 432.7 

1 , 359.2 

1 , 348.8 

1 , 346.5 

2.625 

2 , 206.0 

2 , 075,9 

1 , 768.3 

1 , 712.3 

1 , 634.3 

1 , 604.3 

1 , 512.0 

1 , 499.2 

1 , 496.3 

2.750 


2 , 407.0 

1 , 999.8 

1 , 927.6 

1 , 828.3 

1 , 790.3 

1 , 675.4 

1 , 659.7 

1 , 656.1 

2.875 



2 , 258.5 

2 , 165,9 

2 , 039.9 

1 , 992.2 

1 , 849.9 

1 , 830.6 

1 , 826.3 

3.000 



2 , 548.6 

2 , 430.2 

2 , 271.2 

2 , 211.6 

2 , 036.0 

2 , 012.7 

2 , 007.3 

3.125 



2 , 875.2 

2 , 724.4 

2 , 524.3 

2 , 450.1 

2 , 234.7 

2 , 206.4 

2 , 199.9 

3.250 



3 , 244.8 

3 , 052.8 

2 , 801.8 

2 , 709.9 

2 , 446.5 

2 , 412.4 

2 , 404.7 

3.375 



3 , 665.6 

3 , 420.9 

3 , 106.9 

2 , 993.3 

2 , 672.5 

2 , 631.6 

2 , 622.3 

3.500 




3 , 835.7 

3 , 443.0 

3 , 303.0 

2 , 913.7 

2 , 864.7 

2 , 853.7 

3.625 




4 , 305.7 

3 , 914.4 

3 , 642.3 

3 , 171.1 

3 , 112.7 

3 , 099.6 

3.750 





4 , 226.3 

4 , 014.8 

3 , 446.0 

3 , 376.6 

3 , 361.0 

3.875 





4 , 684.9 

4 , 425.1 

3 , 739.9 

3 , 657.6 

3 , 639.2 

4.000 





5 , 197.7 

4 , 878.4 

4 , 054.2 

3 , 957.0 

3 , 935.2 

4.250 







4 , 751.4 

4 , 616.6 

4 , 586.6 

4.500 







5 , 554.7 

5 , 369.0 

5 , 327.9 

4.750 







6 , 485.3 

6 , 231.1 

6 , 175.2 

5.000 







7 , 571.4 

7 , 224.3 

7 , 148.7 

5.250 







8 , 850.3 

8 , 376.3 

8 , 274.0 

5.500 








9 , 723.8 

9 , 585.1 
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Orifice 10 12 18 

Diameter- 


(in) 

9.564 

10.020 

10.136 

11.376 

11.938 

12.090 

14.688 

15.000 

15.250 

1.000 

202.16 









1.125 

256.22 

256.01 

255.96 







1.250 

316.90 

316.56 

316.49 

315.84 

315.57 

315.51 




1.375 

384.29 

383.79 

383.68 

382.66 

382.30 

382.22 




1.500 

458.52 

457.79 

457.63 

456.16 

455.64 

455.52 

453.92 

453.78 


1.625 

539.72 

538.69 

538.45 

536.38 

535.66 

535.48 

533.27 

533.07 

532.93 

1.750 

628.03 

626.61 

626.29 

623.44 

622.45 

622.20 

619.18 

618.92 

618.73 

1.875 

723.61 

721.70 

721.27 

717.43 

716.10 

715.78 

711.73 

711.39 

711.13 

2.000 

826.63 

824.12 

823.54 

818.48 

816.73 

816.30 

810.99 

810.53 

810.19 

2.125 

937.28 

934.02 

933.27 

926.72 

924.44 

923.88 

917.01 

916.43 

915.99 

2.250 

1 , 055.7 

1 , 051.6 

1 , 050.6 

1 , 042.3 

1 , 039.4 

1 , 038.7 

1 , 029.9 

1 , 092.6 

1 , 028.6 

2.375 

1 , 182.2 

1 , 177.0 

1 , 175.8 

1 , 165.3 

1 , 161.6 

1 , 160.7 

1 , 149.7 

1 , 148.8 

1 , 148.1 

2.500 

1 , 316.9 

1 , 310.5 

1 , 309.0 

1 , 295.9 

1 , 291.4 

1 , 290.2 

1 . 276.5 

1 . 275.4 

1 , 274.5 

2.625 

1 , 460.0 

1 , 452.1 

1 , 450.3 

1 , 434.3 

1 , 428.7 

1 , 427.4 

1 , 410.5 

1 , 409.1 

1 , 408.0 

2.750 

1 , 611.8 

1 , 602.3 

1 , 600.1 

1 , 580.7 

1 , 573.9 

1 , 572.2 

1 , 551.7 

1 , 549.9 

1 , 548.6 

2.875 

1 , 772.5 

1 , 761.0 

1 , 758.4 

1 , 735.1 

1 , 726.9 

1 , 724.9 

1 , 700.1 

1 , 698.1 

1 , 696.5 

3.000 

1 , 942.5 

1 , 928.8 

1 , 925.6 

1 , 897.8 

1 , 888.1 

1 , 885.7 

1 , 856.1 

1 , 853.6 

1 , 851.7 

3.125 

2 , 122.1 

2,1057 

2 , 102.0 

2 , 069.0 

2 , 057.5 

2 , 054.7 

2 , 019.5 

2 , 016.6 

2 , 014.3 

3.250 

2 , 311.6 

2 , 292.2 

2 , 287.8 

2 , 248.9 

2 , 235.4 

2 , 232.1 

2 , 190.7 

2 , 187.2 

2 , 184.5 

3.375 

2 , 511.5 

2 , 488.6 

2 , 483.4 

2 , 437.7 

2 , 421.8 

2 , 418.0 

2 , 369.6 

2 , 365.5 

2 , 362.4 

3.500 

2 , 722.3 

2 , 695.3 

2 , 689.1 

2 , 635.6 

2 , 617.2 

2 , 612.6 

2 , 556.5 

2 , 551.7 

2 , 548.1 

3.625 

2 , 944.3 

2 , 912.7 

2 , 905.5 

2 , 843.0 

2 , 821.6 

2 , 816.3 

2 , 751.4 

2 , 745.9 

2 , 741.7 

3.750 

3 , 178.1 

3 , 141.2 

3 , 132.7 

3 , 060.2 

3 , 035.3 

3 , 029.3 

2 , 954.5 

2 , 948.1 

2 , 943.3 

3.875 

3 , 424.3 

3 , 381.3 

3 , 371.5 

3 , 287.4 

3 , 258.7 

3 , 251.7 

3 , 165.9 

3 , 158.6 

3 , 153.1 

4.000 

3 , 683.5 

3 , 633.5 

3 , 622.1 

3 , 524.9 

3 , 492.0 

3 , 483.9 

3 , 385.8 

3 , 377.5 

3 , 371.2 

4.250 

4 , 243.8 

4 , 176.8 

4 , 161.6 

4 , 032.8 

3 , 989.5 

3 , 979.0 

3 , 851.6 

3 , 840.9 

3 , 832.8 

4.500 

4 , 865.1 

4 , 776.2 

4 , 756.1 

4 , 587.1 

4 , 530.8 

4 , 517.2 

4 , 353.4 

4 , 339.8 

4 , 329.6 

4.750 

5 , 554.9 

5 , 437.9 

5 , 411.5 

5 , 191.5 

5 , 119.0 

5 , 119.0 

4 , 892.9 

4 , 875.8 

4 , 862.9 

5.000 

6 , 322.2 

6 , 169.2 

6 , 134.9 

5 , 850.6 

5 , 757.8 

5 , 757,8 

5 , 471.9 

5 , 450.5 

5 , 434.3 

5.250 

7 , 177.7 

6 , 978.9 

6 , 934.4 

6 , 569.4 

6 , 451.5 

6 , 451.5 

6 , 092.5 

6 , 065.9 

6 , 045.9 

5.500 

8 , 134.1 

7 , 877.2 

7 , 820.0 

7 , 354.1 

7 , 205.1 

7 , 205.1 

6 , 757.0 

6 , 724.1 

6 , 699.4 

5.750 

9 , 207.0 

8 , 876.3 

8 , 803.1 

8 , 211.4 

8 , 024.2 

8 , 024.2 

7 , 468.0 

7 , 427.6 

7 , 397.4 

6.000 

10,415 

9 , 991.2 

9 , 897.8 

9 , 149.5 

8 , 915.4 

8 , 915.4 

8 , 228.5 

8 , 179.2 

8 , 142.3 

6.250 

11,783 

11,240 

11,121 

10,178 

9 , 886.1 

9 , 886.1 

9 , 041.6 

8 , 981.7 

8 , 937.0 

6.500 

13,340 

12,644 

12,492 

11,307 

10,945 

10,945 

9 , 911.2 

9 , 838.7 

9 , 764.7 
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Orifice 

10 

12 

18 

(in) 9.564 

10.020 10.136 11.376 

11.938 

12.090 14.688 15.000 15.250 


6.750 

14,230 

14,038 

12,550 

12,103 

12,103 

10,841 

10,754 

10,689 

7.000 

16,035 

15,790 

13,923 

13,923 

13,371 

11,837 

11,732 

11,654 

7.250 



15,442 

14,762 

14,604 

12,902 

12,777 

12,684 

7.500 



17,131 

16,294 

16,101 

14,044 

13,894 

13,783 

7.750 



19,017 

17,986 

17,750 

15,268 

15,090 

14,959 

8.000 




19,861 

19,572 

16,583 

16,371 

16,216 

8.250 




21,947 

21,593 

17,996 

17,746 

17,561 

8.500 






19,517 

19,221 

19,003 

8.750 






21,156 

20,807 

20,551 

9.000 






22,926 

22,515 

22,214 

9.250 






24,841 

24,356 

24,003 

9.500 






26,917 

26,346 

25,932 

9.750 






29,172 

28,501 

28,014 

10.000 






31,629 

30,839 

30,268 

10.250 






34,315 

33,383 

32,713 

10.500 







36,160 

35,372 


Orifice 

Diameter 

(in) 


20 



24 



30 


18.814 

19.000 

19.250 

22.626 

23.000 

23.250 

28.628 

29.000 

29.250 

2.000 

806.71 

806.57 

806.40 







2.125 

911.51 

911.35 

911.13 







2.250 

1 , 022.9 

1 , 022.7 

1 , 022.4 







2.375 

1 , 141.0 

1 , 140.7 

1 , 140.4 

1 , 136.8 

1 , 136.5 

1 , 136.3 




2.500 

1 , 265.7 

1 , 265.4 

1 , 265.0 

1 , 260.6 

1 , 260.2 

1 , 259.9 




2.625 

1 , 397.2 

1 , 396.8 

1 , 396.3 

1 , 390.9 

1 , 390.5 

1 , 390.2 




2.750 

1 , 535.5 

1 , 535.0 

1 , 534.4 

1 , 527.9 

1 , 527.3 

1 , 527.0 




2.875 

1 , 680.7 

1 , 680.1 

1 , 679.3 

1 , 671.5 

1 , 670.9 

1 , 670.4 

1 , 663.8 



3.000 

1 , 832.7 

1 , 832.1 

1 , 831.2 

1 , 821.9 

1 , 821.1 

1 , 820.6 

1 , 812.7 

1 , 812.3 

1 , 812.0 

3.125 

1 , 991.8 

1 , 991.0 

1 , 990.0 

1 , 978.9 

1 , 978.0 

1 , 977.4 

1 , 968.1 

1 , 967.7 

1 , 967.4 

3.250 

2 , 158.0 

2 , 157.0 

2 , 155.8 

2 , 142.8 

2 , 141.7 

2 , 141.0 

2 , 130.2 

2 , 129.6 

2 , 129.3 

3.375 

2 , 331.3 

2 , 330.2 

2 , 328.7 

2 , 313.5 

2 , 312.3 

2 , 311.5 

2 , 298.8 

2 , 298.2 

2 , 297.7 

3.500 

2 , 511.9 

2 , 510.6 

2 , 508.8 

2 , 491.2 

2 , 489.7 

2 , 488.8 

2 , 474.1 

2 , 473.3 

2 , 472.9 
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Orifice 

Diameter 

(in) 


20 



24 



30 


18.814 

19.000 

19.250 

22.626 

23.000 

23.250 

28.628 

29.000 

29.250 

3.625 

2 , 699.7 

2 , 698.2 

2 , 696.2 

2 , 675.8 

2 , 674.0 

2 , 673.0 

2 , 656.0 

2 , 655.2 

2 . 654.6 

3.750 

2 , 895.0 

2 , 893.2 

2 , 890.9 

2 , 867.4 

2 , 865.4 

2 , 864.1 

2 , 844.6 

2 , 843.7 

2 , 843.0 

3,875 

3 , 097.7 

3 , 095.7 

3 , 093.0 

3 , 066.0 

3 , 063.8 

3 , 062.3 

3 , 040.0 

3 , 038.9 

3 , 038.2 

4.000 

3 , 308.0 

3 , 305.7 

3 , 302.7 

3 , 271.8 

3 , 269.2 

3 , 267.6 

3 , 242.2 

3 , 240.9 

3 , 240.1 

4.250 

3 , 751.6 

3 , 748.7 

3 , 744.8 

3 , 705.0 

3 , 701.7 

3 , 699.6 

3 , 666.9 

3 . 665.3 

3 , 664.3 

4.500 

4 , 226.8 

4 , 223.0 

4 , 218.1 

4 , 167.6 

4 , 163.4 

4 , 160.7 

4 , 119.3 

4 , 117.3 

4 , 116.0 

4.750 

4 , 734.1 

4 , 729.4 

4 , 723.3 

4 , 660.0 

4 , 654.8 

4 , 651.4 

4 , 599.6 

4 , 597.1 

4 , 595.4 

5.000 

5 , 274.6 

5 , 268.7 

5 , 261.1 

5 , 183.0 

5 , 176.4 

5 , 172.3 

5 , 108.2 

5 , 105.0 

5 , 103.0 

5.250 

5 , 849.0 

5 , 841.9 

5 , 832.6 

5 , 737.1 

5 , 729.1 

5 , 723.9 

5 , 645.4 

5 , 641.4 

5 , 639.1 

5.500 

6 , 458.6 

6 , 449.9 

6 , 438.7 

6 , 322.9 

6 , 313.2 

6 , 307.0 

6 , 211.8 

6 , 207.2 

6 , 204.2 

5.750 

7 , 104.4 

7 , 094.0 

7 , 080.4 

6 , 941.3 

6 , 929.7 

6 , 922.2 

6 , 807.7 

6 , 802.1 

6 , 798.5 

6.000 

7 , 787.9 

7 , 775.4 

7 , 759.1 

7 , 592.8 

7 , 579.0 

7 , 570.1 

7 , 433.6 

7 , 426.9 

7 , 422.6 

6.250 

8 , 510.4 

8 , 495.4 

8 , 476.0 

8 , 278.3 

8 , 262.0 

8 , 251.5 

8 , 089.9 

8 , 082.0 

8 , 076.9 

6.500 

9 , 273.4 

9 , 255.6 

9 , 232.5 

8 , 998.8 

8 , 979.5 

8 , 967.1 

8 , 777.2 

8 , 768.0 

8 , 761.9 

6.750 

10,079 

10,058 

10,030 

9 , 755.0 

9 , 732.4 

9 , 717.9 

9 , 496.0 

9 , 485.2 

9 , 478.1 

7.000 

10,928 

10,903 

10,871 

10,548 

10,522 

10,505 

10,247 

10,234 

10,226 

7.250 

11,823 

11,794 

11,756 

11,379 

11,348 

11,329 

11,030 

11,016 

11,006 

7.500 

12,767 

12,733 

12,689 

12,249 

12,214 

12,191 

11,847 

11,830 

11,819 

7.750 

13,762 

13,722 

13,670 

13,160 

13,119 

13,093 

12,697 

12,678 

12,665 

8.000 

14,810 

14,763 

14,703 

14,113 

14,065 

14,035 

13,582 

13,560 

13,546 

8.250 

15,914 

15,860 

15,791 

15,109 

15,054 

15,020 

14,501 

14,477 

14,461 

8.500 

17,078 

17,015 

16,935 

16,150 

16,087 

16,048 

15,457 

15,429 

15,411 

8.750 

18,305 

18,232 

18,129 

17,237 

17,166 

17,121 

16,450 

16,418 

16,397 

9.000 

19,598 

19,515 

19,408 

18,373 

18,292 

18,241 

17,480 

17,444 

17,421 

9.250 

20,963 

20,866 

20,743 

19,560 

19,468 

19,409 

18,548 

18,508 

18,482 

9.500 

22,402 

22,292 

22,151 

20,800 

20,695 

20,628 

19,656 

19,611 

19,582 

9.750 

23,923 

23,796 

23,634 

22,094 

21,976 

21,900 

20,805 

20,754 

20,721 

10.000 

25,529 

25,384 

25,198 

23,447 

23,312 

23,227 

21,995 

21,938 

21,901 

10.250 

27,227 

27,061 

26,849 

24,859 

24,708 

24,612 

23,228 

23,165 

23,124 

10.500 

29,023 

28,834 

28,592 

26,335 

26,164 

26,056 

24,505 

24,434 

24,358 

10.750 

30,925 

30,709 

30,434 

27,878 

27,685 

27,563 

25,827 

25,749 

25,698 
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Orifice 

20 

24 

30 

(in) 18.814 

19.000 

19.250 22.626 23.000 

23.250 28.628 29.000 29.250 


11.000 

32,940 

32,694 

32,381 

29,490 

29,273 

29,136 

27,196 

27,109 

27,052 

11.250 

35,078 

34,798 

34,443 

31,175 

30,932 

30,779 

28,613 

28,156 

28,453 

11.500 

37,348 

37,030 

36,626 

32,938 

32,666 

32,494 

30,080 

29,972 

29,903 

11.750 

39,761 

39,400 

38,941 

34,783 

34,478 

34,285 

31,598 

31,479 

31,402 

12.000 

42,330 

41,920 

41,399 

36,714 

36,373 

36,158 

33,169 

33,038 

32,953 

12.500 

47,991 

47,461 

46,790 

40,855 

40,429 

40,161 

36,478 

36,318 

36,215 

13.000 

54,463 

53,778 

52,914 

45,406 

44,877 

44,544 

40,024 

39,829 

39,704 

13.500 




50,420 

49,763 

49,352 

43,823 

43,589 

43,437 

14.000 




55,959 

55,147 

54,638 

47,898 

47,615 

47,433 

14.500 




62,099 

61,094 

60,468 

52,271 

51,932 

51,714 

15.000 




68,929 

67,687 

66,915 

56,967 

56,562 

56,301 

15.500 




76,562 

75,025 

74,074 

62,017 

61,533 

61,223 

16.000 





83,231 

82,055 

67,453 

66,878 

66,509 

16.500 







73,314 

72,630 

72,193 

17.000 







79,641 

78,831 

78,313 

17.500 







86,485 

85,525 

84,913 

18.000 







93,900 

92,765 

92,042 

18.500 







101,950 

100,610 

99,758 

19.000 







110,720 

109,130 

108,130 

19.500 







120,300 

118,420 

117,230 

20.000 







130,780 

128,560 

127,150 
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Table C-7 “b” Values for Reynolds Number Factor F r Determination— 
Pipe Taps 


Pipe Sizes—Nominal and Published Inside Diameters, in 


Orifice 

Hia motor 

2 



3 



4 


(in) 

1.689 

1.939 

2.067 

2.300 

2.626 

2.900 

3.068 

3.152 

3.438 

0.250 

0.1105 

0.1091 

0.1087 

0.1081 

0.1078 

0.1078 

0.1080 

0.1081 

0.1084 

0.375 

0.0890 

0.0878 

0.0877 

0.0879 

0.0888 

0.0898 

0.0905 

0.0908 

0.0918 

0.500 

0.0758 

0.0734 

0.0729 

0.0728 

0.0737 

0.0750 

0.0758 

0.0763 

0.0778 

0.625 

0.0693 

0.0647 

0.0635 

0.0624 

0.0624 

0.0634 

0.0642 

0.0646 

0.0662 

0.750 

0.0675 

0.0608 

0.0586 

0.0559 

0.0546 

0.0548 

0.0552 

0.0555 

0.0568 

0.875 

0.0684 

0.0602 

0.0570 

0.0528 

0.0497 

0.0488 

0.0488 

0.0489 

0.0496 

1.000 

0.0702 

0.0614 

0.0576 

0.0522 

0.0473 

0.0452 

0.0445 

0.0443 

0.0443 

1.125 

0.0708 

0.0635 

0.0595 

0.0532 

0.0469 

0.0435 

0.0422 

0.0417 

0.0407 

1.250 


0.0650 

0.0616 

0.0552 

0.0478 

0.0434 

0.0414 

0.0406 

0.0387 

1.375 



0.0629 

0.0574 

0.0496 

0.0443 

0.0418 

0.0408 

0.0379 

1.500 




0.0590 

0.0518 

0.0460 

0.0431 

0.0418 

0.0382 

1.625 





0.0539 

0.0482 

0.0450 

0.0435 

0.0392 

1.750 





0.0553 

0.0504 

0.0471 

0.0456 

0.0408 

1.875 






0.0521 

0.0492 

0.0477 

0.0427 

2.000 






0.0532 

0.0508 

0.0495 

0.0448 

2.125 







0.0519 

0.0509 

0.0467 

2.250 









0.0483 

2.375 









0.0494 
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Orifice 

4 



6 




8 


Diameter 

(in) 

3.826 

4.026 

4.897 

5.189 

5.761 

6.065 

7.625 

7.981 

8.071 

0.250 

0.1087 

0.1091 








0.375 

0.0932 

0.0939 








0.500 

0.0799 

0.0810 

0.0850 

0.0862 

0.0883 

0.0895 




0.625 

0.0685 

0.0697 

0.0747 

0.0762 

0.0789 

0.0802 




0.750 

0.0590 

0.0602 

0.0655 

0.0672 

0.0703 

0.0718 




0.875 

0.0513 

0.0524 

0.0575 

0.0592 

0.0625 

0.0642 

0.0716 

0.0730 

0.0733 

1.000 

0.0453 

0.0461 

0.0506 

0.0523 

0.0556 

0.0573 

0.0652 

0.0668 

0.0662 

1.125 

0.0408 

0.0412 

0.0448 

0.0464 

0.0495 

0.0512 

0.0592 

0.0609 

0.0613 

1.250 

0.0376 

0.0377 

0.0401 

0.0413 

0.0442 

0.0458 

0.0538 

0.0555 

0.0560 

1.375 

0.0358 

0.0353 

0.0363 

0.0373 

0.0397 

0.0412 

0.0489 

0.0506 

0.0510 

1.500 

0.0350 

0.0340 

0.0334 

0.0340 

0.0360 

0.0372 

0.0445 

0.0462 

0.0466 

1.625 

0.0351 

0.0336 

0.0313 

0.0315 

0.0329 

0.0339 

0.0404 

0.0421 

0.0425 

1.75 

0.0358 

0.034 

0.03 

0.0298 

0.0304 

0.0311 

0.0369 

0.0384 

0.0388 

1.875 

0.0371 

0.0349 

0.0293 

0.0287 

0.0285 

0.029 

0.0338 

0.0352 

0.0355 

2 

0.0388 

0.0363 

0.0292 

0.0281 

0.0273 

0.0273 

0.0311 

0.0323 

0.0327 

2.125 

0.0407 

0.036 

0.0297 

0.0281 

0.0265 

0.0262 

0.0288 

0.0298 

0.0301 

2.25 

0.0427 

0.0398 

0.0305 

0.0285 

0.0261 

0.0258 

0.0268 

0.0277 

0.028 

2.375 

0.0445 

0.0417 

0.0316 

0.0293 

0.0262 

0.0253 

0.0252 

0.0259 

0.0261 

2.5 

0.046 

0.0435 

0.033 

0.0304 

0.0267 

0.0254 

0.0239 

0.0244 

0.0246 

2.625 

0.0472 

0.045 

0.0345 

0.0317 

0.0274 

0.0258 

0.023 

0.0232 

0.0233 

2.75 


0.0462 

0.0362 

0.0331 

0.0264 

0.0265 

0.0224 

0.0224 

0.0224 

2.875 



0.0379 

0.0347 

0.0295 

0.0274 

0.022 

0.0218 

0.0218 

3 



0.0395 

0.0364 

0.0308 

0.0285 

0.0219 

0.0214 

0.0213 

3.125 



0.041 

0.038 

0.0323 

0.0297 

0.022 

0.0213 

0.0211 

3.25 



0.0422 

0.0394 

0.0338 

0.0311 

0.0223 

0.0214 

0.0212 

3.375 



0.0432 

0.0408 

0.0353 

0.0325 

0.0228 

0.0216 

0.0214 

3.5 




0.0419 

0.0367 

0.0339 

0.0235 

0.0221 

0.0218 

3.625 




0.0428 

0.0381 

0.0354 

0.0243 

0.0227 

0.0224 

3.75 





0.0393 

0.0367 

0.0252 

0.0234 

0.023 

3.875 





0.0404 

0.038 

0.0262 

0.0243 

0.0238 

4 





0.0413 

0.0391 

0.0273 

0.0252 

0.0246 

4.25 







0.0296 

0.0273 

0.0268 

4.5 







0.0321 

0.0296 

0.029 

4.75 







0.0344 

0.032 

0.0314 

5 







0.0364 

0.0342 

0.0336 

5.25 







0.0381 

0.0361 

0.0356 

5.5 








0.0377 

0.0372 
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Orifice 


10 



12 



16 


L/ldlllclci 

(in) 

9.564 

10.02 

10.136 

11.376 

11.938 

12.09 

14.688 

15 

15.25 

1 

0.0728 









1.125 

0.0674 

0.069 

0.0694 







1.25 

0.0624 

0.0641 

0.0646 

0.0687 

0.0704 

0.0708 




1.375 

0.0576 

0.0594 

0.0599 

0.0643 

0.0661 

0.0666 




1.5 

0.0532 

0.055 

0.0555 

0.0601 

0.062 

0.0625 

0.0697 

0.0705 


1.625 

0.049 

0.0509 

0.0514 

0.0561 

0.058 

0.0585 

0.0662 

0.067 

0.0676 

1.75 

0.0452 

0.0471 

0.0476 

0.0523 

0.0543 

0.0548 

0.0628 

0.0636 

0.0642 

1.875 

0.0417 

0.0436 

0.044 

0.0488 

0.0508 

0.0513 

0.0594 

0.0603 

0.061 

2 

0.0385 

0.0403 

0.0407 

0.0454 

0.0475 

0.048 

0.0563 

0.0572 

0.0578 

2.125 

0.0355 

0.0372 

0.0377 

0.0423 

0.0443 

0.0449 

0.0532 

0.0541 

0.0548 

2.25 

0.0329 

0.0345 

0.0349 

0.0394 

0.0414 

0.0419 

0.0503 

0.0512 

0.0519 

2.375 

0.0305 

0.032 

0.0324 

0.0367 

0.0387 

0.0392 

0.0475 

0.0484 

0.0492 

2.5 

0.0283 

0.0298 

0.0301 

0.0342 

0.0361 

0.0366 

0.0449 

0.0458 

0.0466 

2.625 

0.0265 

0.0277 

0.0281 

0.0319 

0.0337 

0.0342 

0.0424 

0.0433 

0.044 

2.75 

0.0248 

0.026 

0.0262 

0.0298 

0.0316 

0.032 

0.04 

0.0409 

0.0417 

2.875 

0.0234 

0.0244 

0.0246 

0.0279 

0.0295 

0.03 

0.0378 

0.0387 

0.0394 

3 

0.0222 

0.023 

0.0232 

0.0262 

0.0277 

0.0281 

0.0356 

0.0365 

0.0372 

3.125 

0.0212 

0.0218 

0.022 

0.0244 

0.026 

0.0264 

0.0336 

0.0345 

0.0352 

3.25 

0.0204 

0.0209 

0.0221 

0.0232 

0.0245 

0.0249 

0.0317 

0.0326 

0.0332 

3.375 

0.0199 

0.0201 

0.0202 

0.022 

0.0232 

0.0235 

0.03 

0.0308 

0.0314 

3.5 

0.0195 

0.0195 

0.0196 

0.021 

0.022 

0.0222 

0.0263 

0.0291 

0.0297 

3.625 

0.0193 

0.0191 

0.0191 

0.02 

0.0209 

0.0212 

0.0368 

0.0275 

0.0281 

3.75 

0.0192 

0.0188 

0.0188 

0.0193 

0.02 

0.0202 

0.0254 

0.0261 

0.0267 

3.875 

0.0193 

0.0187 

0.0186 

0.0187 

0.0192 

0.0194 

0.024 

0.0247 

0.0253 

4 

0.0195 

0.0187 

0.0186 

0.0182 

0.0185 

0.0187 

0.0228 

0.0235 

0.024 

4.25 

0.0203 

0.0192 

0.0189 

0.0176 

0.0196 

0.0177 

0.0207 

0.0213 

0.0217 

4.5 

0.0215 

0.02 

0.0197 

0.0175 

0.0172 

0.0171 

0.019 

0.0194 

0.0198 

4.75 

0.023 

0.0212 

0.0208 

0.0178 

0.0171 

0.017 

0.0176 

0.018 

0.0182 

5 

0.0248 

0.0228 

0.0223 

0.0185 

0.0174 

0.0173 

0.0166 

0.0168 

0.017 

5.25 

0.0267 

0.0244 

0.0239 

0.0194 

0.0181 

0.0178 

0.016 

0.0161 

0.0162 

5.5 

0.0287 

0.0263 

0.0257 

0.0207 

0.019 

0.0186 

0.0156 

0.0156 

0.0156 

5.75 

0.0307 

0.0282 

0.0276 

0.0221 

0.0202 

0.0197 

0.0155 

0.0154 

0.0153 

6 

0.0326 

0.0302 

0.0295 

0.0231 

0.0215 

0.021 

0.0157 

0.0154 

0.0153 

6.25 

0.0343 

0.032 

0.0316 

0.0253 

0.023 

0.0224 

0.0161 

0.0157 

0.0154 

6.5 

0.0358 

0.0336 

0.0331 

0.027 

0.0246 

0.0239 

0.0167 

0.0162 

0.0159 
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Orifice 

10 

12 

16 


(in) 9.564 

10.02 

10.136 11.376 11.938 12.09 14.688 

15 

15.25 


6.75 

0.0351 

0.0346 

0.0288 

0.0262 

0.0256 

0.0174 

0.0169 

0.0164 

7 

0.0363 

0.0359 

0.0304 

0.0279 

0.0272 

0.0184 

0.0177 

0.0172 

7.25 



0.032 

0.0295 

0.0288 

0.0195 

0.0187 

0.0181 

7.5 



0.0334 

0.031 

0.0304 

0.0206 

0.0198 

0.0191 

7.75 



0.0347 

0.0325 

0.0318 

0.0219 

0.0209 

0.0202 

8 




0.0338 

0.0332 

0.0232 

0.0222 

0.0214 

8.25 




0.0349 

0.0344 

0.0246 

0.0235 

0.0227 

8.5 






0.0259 

0.0248 

0.024 

8.75 






0.0273 

0.0262 

0.0253 

9 






0.0286 

0.0276 

0.0267 

9.25 






0.0299 

0.0288 

0.028 

9.5 






0.0311 

0.03 

0.0292 

9.75 






0.0322 

0.0312 

0.0304 

10 






0.0332 

0.0323 

0.0315 

10.25 






0.0341 

0.0333 

0.0326 

10.5 







0.0341 

0.0335 


Orifice 


20 



24 



30 


(in) 

18.814 

19 

19.25 

22.626 

23 

23.25 

28.628 

29 

29.25 

2 

0.0663 

0.0667 

0.0672 







2.125 

0.0635 

0.0639 

0.0644 







2.25 

0.0309 

0.0613 

0.0618 







2.375 

0.0583 

0.0588 

0.0593 

0.0658 

0.0665 

0.0669 




2.5 

0.0558 

0.0562 

0.0568 

0.0635 

0.0642 

0.0646 




2.625 

0.0534 

0.0539 

0.0544 

0.0613 

0.062 

0.0624 




2.75 

0.051 

0.0515 

0.052 

0.0591 

0.0598 

0.0603 




2.875 

0.0488 

0.0492 

0.0498 

0.057 

0.0577 

0.0582 

0.0667 



3 

0.0466 

0.047 

0.0476 

0.0549 

0.0556 

0.0561 

0.0649 

0.0654 

0.0657 

3.125 

0.0445 

0.0449 

0.0455 

0.0529 

0.0536 

0.0541 

0.063 

0.0636 

0.0639 

3.25 

0.0425 

0.0429 

0.0435 

0.0509 

0.0516 

0.0521 

0.0613 

0.0616 

0.0622 

3.375 

0.0406 

0.041 

0.0416 

0.049 

0.0497 

0.0502 

0.0595 

0.0601 

0.0604 

3.5 

0.0387 

0.0391 

0.0397 

0.0471 

0.0479 

0.0484 

0.0578 

0.0584 

0.0587 

3.625 

0.0369 

0.0373 

0.0379 

0.0454 

0.0461 

0.0466 

0.0561 

0.0567 

0.0571 

3.75 

0.0352 

0.0356 

0.0362 

0.0436 

0.0444 

0.0449 

0.0545 

0.055 

0.0554 

3.875 

0.0336 

0.034 

0.0346 

0.0419 

0.0427 

0.0432 

0.0528 

0.0534 

0.0538 
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Orifice 20 24 30 

Diameter- 


(in) 

18.814 

19 

19.25 

22.626 

23 

23.25 

28.628 

29 

29.25 

4 

0.032 

0.0324 

0.033 

0.0403 

0.0411 

0.0416 

0.0513 

0.0518 

0.0522 

4.25 

0.0291 

0.0295 

0.0301 

0.0372 

0.038 

0.0385 

0.0482 

0.0488 

0.0492 

4.5 

0.0265 

0.0269 

0.0274 

0.0343 

0.0351 

0.0356 

0.0453 

0.0459 

0.0463 

4.75 

0.0242 

0.0246 

0.025 

0.0316 

0.0324 

0.0328 

0.0425 

0.0431 

0.0435 

5 

0.0221 

0.0225 

0.0229 

0.0292 

0.0299 

0.0303 

0.0399 

0.0405 

0.0409 

5.25 

0.0203 

0.0206 

0.021 

0.0269 

0.0276 

0.028 

0.0374 

0.038 

0.0384 

5.5 

0.0188 

0.019 

0.0194 

0.248 

0.0255 

0.0259 

0.035 

0.0356 

0.036 

5.750 

0.0175 

0.0177 

0.0180 

0.0230 

0.0236 

0.0240 

0.0328 

0.0334 

0.0338 

6.000 

0.0164 

0.0165 

0.0168 

0.0212 

0.0218 

0.0222 

0.0307 

0.0313 

0.0317 

6.250 

0.0155 

0.0156 

0.0158 

0.0197 

0.0202 

0.0206 

0.0287 

0.0293 

0.0297 

6.500 

0.0148 

0.0149 

0.0150 

0.0184 

0.0189 

0.0192 

0.0269 

0.0274 

0.0278 

6.750 

0.0143 

0.0144 

0.0145 

0.0172 

0.0176 

0.0179 

0.0252 

0.0257 

0.026 

7.000 

0.0141 

0.0141 

0.0141 

0.0162 

0.0166 

0.0168 

0.0236 

0.0241 

0.0244 

7.250 

0.0141 

0.0140 

0.0139 

0.0153 

0.0156 

0.0158 

0.0221 

0.0226 

0.0229 

7.500 

0.0140 

0.0140 

0.0139 

0.0146 

0.0148 

0.0150 

0.0207 

0.0212 

0.0215 

7.750 

0.0142 

0.0141 

0.0140 

0.0140 

0.0142 

0.0144 

0.0195 

0.0199 

0.0202 

8.000 

0.0146 

0.0144 

0.0142 

0.0136 

0.0138 

0.0138 

0.0183 

0.0187 

0.019 

8.250 

0.0151 

0.0148 

0.0146 

0.0133 

0.0134 

0.0132 

0.0173 

0.0177 

0.0179 

8.500 

0.0156 

0.0154 

0.0151 

0.0132 

0.0132 

0.0130 

0.0164 

0.0167 

0.0169 

8.750 

0.0163 

0.0160 

0.0157 

0.0131 

0.0130 

0.0130 

0.0155 

0.0158 

0.0161 

9.000 

0.0171 

0.0168 

0.0163 

0.0131 

0.0130 

0.0130 

0.0148 

0.0151 

0.0153 

9.250 

0.0180 

0.0176 

0.0171 

0.0133 

0.0130 

0.0133 

0.0142 

0.0144 

0.0146 

9.500 

0.0189 

0.0185 

0.0180 

0.0136 

0.0133 

0.0132 

0.0136 

0.0138 

0.014 

9.750 

0.0198 

0.0194 

0.0189 

0.0139 

0.0136 

0.0134 

0.0132 

0.0133 

0.0134 

10.000 

0.0209 

0.0204 

0.0198 

0.0143 

0.0140 

0.0135 

0.0128 

0.0129 

0.013 

10.250 

0.0219 

0.0214 

0.0208 

0.0148 

0.0144 

0.0142 

0.0125 

0.0126 

0.0127 

10.500 

0.0230 

0.0225 

0.0219 

0.0154 

0.0150 

0.0147 

0.0123 

0.0124 

0.0124 

10.750 

0.0241 

0.0236 

0.0229 

0.0160 

0.0155 

0.0152 

0.0122 

0.0122 

0.0122 

11.000 

0.0252 

0.0247 

0.0240 

0.0168 

0.0162 

0.0158 

0.0121 

0.0121 

0.0121 

11.250 

0.0263 

0.0261 

0.0251 

0.0175 

0.0169 

0.0165 

0.0122 

0.0121 

0.0121 

11.500 

0.0273 

0.0268 

0.0262 

0.0183 

0.0176 

0.0172 

0.0122 

0.0121 

0.0122 

11.750 

0.0284 

0.0278 

0.0272 

0.0191 

0.0184 

0.0180 

0.0124 

0.0123 

0.0122 

12.000 

0.0293 

0.0288 

0.0282 

0.0200 

0.0192 

0.0190 

0.0126 

0.0124 

0.0123 

12.500 

0.0312 

0.0307 

0.0301 

0.0218 

0.0210 

0.0204 

0.0132 

0.0130 

0.0128 

13.000 

0.0327 

0.0323 

0.0318 

0.0236 

0.0228 

0.0222 

0.0140 

0.0137 

0.0135 
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Orifice 

20 


24 


30 


(in) 18.814 

19 

19.25 22.626 

23 

23.25 28.628 

29 

29.25 


13.500 

0.0254 

0.0246 

0.0240 

0.0150 

0.0146 

0.0143 

14.000 

0.0272 

0.0264 

0.0258 

0.0161 

0.0156 

0.0153 

14.500 

0.0289 

0.0280 

0.0275 

0.0173 

0.0168 

0.0165 

15.000 

0.0304 

0.0296 

0.0291 

0.0166 

0.0181 

0.0177 

15.500 

0.0310 

0.0311 

0.0306 

0.0200 

0.0194 

0.0190 

16.000 


0.0323 

0.0318 

0.0215 

0.0209 

0.0204 

16.500 




0.0230 

0.0223 

0.0219 

17.000 




0.0244 

0.0238 

0.0233 

17.500 




0.0259 

0.0252 

0.0248 

18.000 




0.0272 

0.0266 

0.0261 

18.500 




0.0286 

0.0279 

0.0275 

19.000 




0.0298 

0.0292 

0.0288 

19.500 




0.0309 

0.0303 

0.0299 

20.000 




0.0318 

0.0313 

0.0310 







Table C-8 Y 1 Expansion Factors—Pipe Taps (Static Pressure Taken from Upstream Taps) 


p fl 

0.10 

0.20 

0.30 

0.40 

0.45 

0.50 

0.52 

0.54 

0.56 

0.58 

0.60 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.70 

0.1 

0.999 

0.9989 

0.9988 

0.9985 

0.9984 

0.9982 

0.9981 

0.998 

0.9979 

0.9978 

0.9977 

0.9976 

0.9976 

0.9975 

0.9974 

0.9973 

0.9972 

0.9971 

0.997 

0.9969 

0.9968 

0.2 

0.9981 

0.9979 

0.9976 

0.9971 

0.9968 

0.9964 

0.9962 

0.9961 

0.9959 

0.9957 

0.9954 

0.9953 

0.9951 

0.995 

0.9948 

0.9947 

0.9945 

0.9943 

0.9941 

0.9938 

0.9935 

0.3 

0.9971 

0.9968 

0.9964 

0.9956 

0.9952 

0.9946 

0.9944 

0.9941 

0.9938 

0.9935 

0.9931 

0.9929 

0.9927 

0.9925 

0.9923 

0.992 

0.9917 

0.9914 

0.9911 

0.9907 

0.9903 

0.4 

0.9962 

0.9958 

0.9951 

0.9942 

0.9936 

0.9928 

0.9925 

0.9921 

0.9917 

0.9913 

0.9908 

0.9906 

0.9903 

0.99 

0.9897 

0.9893 

0.989 

0.9886 

0.9881 

0.9876 

0.9871 

0.5 

0.9952 

0.9947 

0.9939 

0.9927 

0.9919 

0.991 

0.9906 

0.9902 

0.9897 

0.9891 

0.9885 

0.9882 

0.9879 

0.9875 

0.9871 

0.9867 

0.9862 

0.9857 

0.9851 

0.9845 

0.9839 

0.6 

0.9943 

0.9937 

0.9927 

0.9913 

0.9903 

0.9892 

0.9887 

0.9882 

0.9876 

0.987 

0.9862 

0.9859 

0.9854 

0.985 

0.9845 

0.984 

0.9834 

0.9828 

0.9822 

0.9814 

0.9806 

0.7 

0.9933 

0.9926 

0.9915 

0.9898 

0.9887 

0.9874 

0.9869 

0.9862 

0.9856 

0.9848 

0.984 

0.9835 

0.983 

0.9825 

0.9819 

0.9813 

0.9807 

0.98 

0.9792 

0.9784 

0.9774 

0.8 

0.9923 

0.9916 

0.9903 

0.9883 

0.9871 

0.9857 

0.985 

0.9843 

0.9835 

0.9826 

0.9817 

0.9811 

0.9806 

0.98 

0.9794 

0.9787 

0.9779 

0.9771 

0.9762 

0.9753 

0.9742 

0.9 

0.9914 

0.9905 

0.9891 

0.9869 

0.9855 

0.9839 

0.9831 

0.9823 

0.9814 

0.9805 

0.9794 

0.9788 

0.9782 

0.9775 

0.9768 

0.976 

0.9752 

0.9742 

0.9733 

0.9722 

0.971 

1 

0.9904 

0.9895 

0.9878 

0.9854 

0.9839 

0.9821 

0.9812 

0.9803 

0.9794 

0.9783 

0.9771 

0.9764 

0.9757 

0.975 

0.9742 

0.9733 

0.9724 

0.9714 

0.9703 

0.9691 

0.9677 

1.1 

0.9895 

0.9884 

0.9866 

0.984 

0.9823 

0.9803 

0.9794 

0.9784 

0.9773 

0.9761 

0.9748 

0.9741 

0.9733 

0.9725 

0.9716 

0.9707 

0.9696 

0.9685 

0.9673 

0.966 

0.9645 

1.2 

0.9885 

0.9874 

0.9854 

0.9825 

0.9807 

0.9785 

0.9775 

0.9764 

0.9752 

0.9739 

0.9725 

0.9717 

0.9709 

0.97 

0.969 

0.968 

0.9669 

0.9757 

0.9643 

0.9629 

0.9613 

1.3 

0.9876 

0.9863 

0.9842 

0.9811 

0.9791 

0.9767 

0.9756 

0.9744 

0.9732 

0.9718 

0.9702 

0.9694 

0.9685 

0.9675 

0.9664 

0.9653 

0.9641 

0.9628 

0.9614 

0.9598 

0.9581 

1.4 

0.9866 

0.9853 

0.983 

0.9796 

0.9775 

0.9749 

0.9737 

0.9725 

0.9711 

0.9696 

0.9679 

0.967 

0.966 

0.965 

0.9639 

0.9627 

0.9614 

0.9599 

0.9584 

0.9567 

0.9548 

1.5 

0.9857 

0.9842 

0.9818 

0.9782 

0.9758 

0.9731 

0.9719 

0.9705 

0.969 

0.9674 

0.9656 

0.9646 

0.9636 

0.9625 

0.9613 

0.96 

0.9586 

0.9571 

0.9554 

0.9536 

0.9516 

1.6 

0.9847 

0.9832 

0.9805 

0.9767 

0.9742 

0.9713 

0.97 

0.9685 

0.967 

0.9652 

0.9633 

0.9623 

0.9612 

0.96 

0.9587 

0.9573 

0.9558 

0.9542 

0.9525 

0.9505 

0.9484 

1.7 

0.9837 

0.9821 

0.9793 

0.9752 

0.9726 

0.9695 

0.9681 

0.9666 

0.9649 

0.9631 

0.961 

0.9599 

0.9587 

0.9575 

0.9561 

0.9547 

0.9531 

0.9514 

0.9495 

0.9474 

0.9452 

1.8 

0.9828 

0.9811 

0.9781 

0.9738 

0.971 

0.9677 

0.9662 

0.9646 

0.9628 

0.9609 

0.9587 

0.9576 

0.9563 

0.955 

0.9535 

0.952 

0.9503 

0.9485 

0.9465 

0.9443 

0.9419 

1.9 

0.9818 

0.98 

0.9769 

0.9723 

0.9694 

0.9659 

0.9643 

0.9626 

0.9608 

0.9587 

0.9565 

0.9552 

0.9539 

0.9525 

0.951 

0.9493 

0.9476 

0.9456 

0.9435 

0.9412 

0.9387 

2 

0.9809 

0.979 

0.9757 

0.9709 

0.9678 

0.9641 

0.9625 

0.9607 

0.9587 

0.9566 

0.9542 

0.9529 

0.9515 

0.95 

0.9484 

0.9467 

0.9448 

0.9428 

0.9406 

0.9381 

0.9355 

2.1 

0.9799 

0.9778 

0.9745 

0.9694 

0.9662 

0.9623 

0.9606 

0.9587 

0.9566 

0.9544 

0.9519 

0.9505 

0.949 

0.9475 

0.9458 

0.944 

0.942 

0.9399 

0.9376 

0.9351 

0.9323 






K 

p fi 

0.10 

0.20 

0.30 

0.40 

0.45 

0.50 

0.52 

0.54 

0.56 

0.58 

0.60 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.70 

2.2 

0.979 

0.9768 

0.9732 

0.968 

0.9646 

0.9605 

0.9587 

0.9567 

0.9546 

0.9522 

0.9496 

0.9481 

0.9466 

0.945 

0.9432 

0.9413 

0.9393 

0.9371 

0.9346 

0.932 

0.929 

2.3 

0.978 

0.9758 

0.972 

0.9665 

0.963 

0.9587 

0.9568 

0.9548 

0.95 

0.95 

0.9473 

0.9458 

0.9442 

0.9425 

0.9406 

0.9387 

0.9365 

0.9342 

0.9317 

0.9289 

0.9258 

2.4 

0.977 

0.9747 

0.9708 

0.965 

0.9613 

0.957 

0.955 

0.9528 

0.9505 

0.9479 

0.945 

0.9434 

0.9418 

0.94 

0.9381 

0.936 

0.9338 

0.9313 

0.9287 

0.9258 

0.9226 

2.5 

0.9761 

0.9737 

0.9696 

0.9636 

0.9597 

0.9552 

0.9531 

0.9508 

0.9484 

0.9457 

0.9427 

0.9411 

0.9393 

0.9375 

0.9355 

0.9333 

0.931 

0.9285 

0.9257 

0.9227 

0.9194 

2.6 

0.9751 

0.9726 

0.9684 

0.9621 

0.9581 

0.9534 

0.9512 

0.9489 

0.9463 

0.9435 

0.9404 

0.9387 

0.9369 

0.9350 

0.9329 

0.9307 

0.9282 

0.9256 

0.9227 

0.9196 

0.9161 

2.7 

0.9742 

0.9716 

0.9672 

0.9607 

0.9565 

0.9516 

0.9493 

0.9469 

0.9443 

0.9414 

0.9381 

0.9364 

0.9345 

0.9325 

0.9303 

0.9280 

0.9255 

0.9277 

0.9198 

0.9165 

0.9129 

2.8 

0.9732 

0.9705 

0.9659 

0.9592 

0.9549 

0.9498 

0.9475 

0.9449 

0.9422 

0.9392 

0.9358 

0.9340 

0.9321 

0.9300 

0.9277 

0.9253 

0.9227 

0.9199 

0.9168 

0.9134 

0.9097 

2.9 

0.9723 

0.9695 

0.9647 

0.9578 

0.9533 

0.9480 

0.9456 

0.9430 

0.9401 

0.9370 

0.9335 

0.9316 

0.9296 

0.9275 

0.9252 

0.9227 

0.9200 

0.9170 

0.9138 

0.9103 

0.9064 

3.0 

0.9713 

0.9684 

0.9635 

0.9563 

0.9517 

0.9462 

0.9437 

0.9410 

0.9381 

0.9348 

0.9312 

0.9293 

0.9272 

0.9250 

0.9226 

0.9200 

0.9172 

0.9142 

0.9108 

0.9072 

0.9032 

3.1 

0.9704 

0.9674 

0.9623 

0.9549 

0.9501 

0.9444 

0.9418 

0.9390 

0.9360 

0.9327 

0.9290 

0.9269 

0.9248 

0.9225 

0.9200 

0.9173 

0.9144 

0.9113 

0.9079 

0.9041 

0.9000 

3.2 

0.9694 

0.9663 

0.9611 

0.9534 

0.9485 

0.9426 

0.9400 

0.9371 

0.9339 

0.9305 

0.9267 

0.9246 

0.9223 

0.9200 

0.9174 

0.9147 

0.9117 

0.9084 

0.9049 

0.9010 

0.8968 

3.3 

0.9684 

0.9653 

0.9599 

0.9519 

0.9469 

0.9408 

0.9381 

0.9351 

0.9319 

0.9283 

0.9244 

0.9222 

0.9199 

0.9175 

0.9148 

0.9120 

0.9089 

0.9056 

0.9019 

0.8979 

0.8935 

3.4 

0.9675 

0.9642 

0.9587 

0.9505 

0.9452 

0.9390 

0.9362 

0.9331 

0.9298 

0.9261 

0.9221 

0.9199 

0.9175 

0.9150 

0.9122 

0.9093 

0.9062 

0.9027 

0.8990 

0.8948 

0.8903 

3.5 

0.9665 

0.9632 

0.9574 

0.9490 

0.9436 

0.9372 

0.9343 

0.9312 

0.9277 

0.9240 

0.9198 

0.9175 

0.9151 

0.9125 

0.9097 

0.9067 

0.9034 

0.8999 

0.8960 

0.8918 

0.8871 

3.6 

0.9656 

0.9621 

0.9562 

0.9476 

0.9420 

0.9354 

0.9324 

0.9292 

0.9257 

0.9218 

0.9175 

0.9151 

0.9126 

0.9100 

0.9071 

0.9040 

0.9006 

0.8970 

0.8930 

0.8887 

0.8839 

3.7 

0.9646 

0.9611 

0.9550 

0.9461 

0.9404 

0.9336 

0.9306 

0.9272 

0.9236 

0.9196 

0.9152 

0.9128 

0.9102 

0.9075 

0.9045 

0.9013 

0.8979 

0.8941 

0.8900 

0.8856 

0.8806 

3.8 

0.9637 

0.9600 

0.9538 

0.9447 

0.9388 

0.9318 

0.9287 

0.9253 

0.9216 

0.9175 

0.9129 

0.9104 

0.9078 

0.9050 

0.9019 

0.8987 

0.8951 

0.8913 

0.8871 

0.8825 

0.8774 

3.9 

0.9627 

0.9590 

0.9526 

0.9432 

0.9372 

0.9301 

0.9268 

0.9233 

0.9195 

0.9153 

0.9106 

0.9081 

0.9054 

0.9025 

0.8993 

0.8960 

0.8924 

0.8884 

0.8841 

0.8794 

0.8742 

4.0 

0.9617 

0.9579 

0.9514 

0.9417 

0.9356 

0.9283 

0.9249 

0.9213 

0.9174 

0.9131 

0.9083 

0.9057 

0.9029 

0.9000 

0.8968 

0.8933 

0.8896 

0.8826 

0.8811 

0.9763 

0.8710 



Table C-9 Y 2 Expansion Factors—Pipe Taps (Static Pressure Taken from Downstream Taps) 


P f 2 

0.10 

0.20 

0.30 

0.40 

0.45 

0.50 

0.52 

0.54 

0.56 

0.58 

0.60 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.70 

0.1 

1.0008 

1.0008 

1.0006 

1.0003 

1.0002 

1.0000 

0.9999 

0.9998 

0.9997 

0.9996 

0.9995 

0.9994 

0.9994 

0.9993 

0.9992 

0.9991 

0.999 

0.9989 

0.9988 

0.9987 

0.9986 

0.2 

1.0017 

1.0015 

1.0012 

1.0007 

1.0004 

1.0000 

0.9999 

0.9997 

0.9995 

0.9993 

0.999 

0.9989 

0.9988 

0.9986 

0.9985 

0.9983 

0.9981 

0.9979 

0.9977 

0.9974 

0.9972 

0.3 

1.0025 

1.0023 

1.0018 

1.001 

1.0006 

1.0000 

0.9998 

0.9995 

0.9992 

0.9989 

0.9986 

0.9984 

0.9982 

0.9979 

0.9977 

0.9974 

0.9972 

0.9969 

0.9965 

0.9962 

0.9958 

0.4 

1.0034 

1.003 

1.0024 

1.0014 

1.0008 

1.0001 

0.9997 

0.9994 

0.999 

0.9986 

0.9981 

0.9978 

0.9976 

0.9972 

0.9969 

0.9966 

0.9962 

0.9958 

0.9954 

0.9949 

0.9944 

0.5 

1.0042 

1.0038 

1.003 

1.0018 

1.001 

1.0001 

0.9997 

0.9992 

0.9988 

0.9982 

0.9976 

0.9973 

0.997 

0.9966 

0.9962 

0.9958 

0.9953 

0.9948 

0.9942 

0.9936 

0.993 

0.6 

1.0051 

1.0045 

1.0036 

1.0021 

1.0012 

1.0001 

0.9996 

0.9991 

0.9985 

0.9979 

0.9972 

0.9968 

0.9964 

0.9959 

0.9954 

0.9949 

0.9944 

0.9938 

0.9931 

0.9924 

0.9916 

0.7 

1.0059 

1.0053 

1.0041 

1.0025 

1.0014 

1.0002 

0.9996 

0.999 

0.9983 

0.9975 

0.9967 

0.9962 

0.9958 

0.9953 

0.9947 

0.9941 

0.9935 

0.9928 

0.992 

0.9912 

0.9902 

0.8 

1.0068 

1.006 

1.0047 

1.0028 

1.0016 

1.0002 

0.9995 

0.9988 

0.998 

0.9972 

0.9962 

0.9957 

0.9952 

0.9946 

0.994 

0.9933 

0.9926 

0.9918 

0.9909 

0.9899 

0.9889 

0.9 

1.0076 

1.0068 

1.0053 

1.0032 

1.0018 

1.0002 

0.9995 

0.9987 

0.9978 

0.9969 

0.9958 

0.9952 

0.9946 

0.994 

0.9932 

0.9925 

0.9917 

0.9908 

0.9898 

0.9887 

0.9875 

1 

1.0085 

1.0075 

1.0059 

1.0036 

1.0021 

1.0003 

0.9994 

0.9986 

0.9976 

0.9965 

0.9954 

0.9947 

0.994 

0.9933 

0.9925 

0.9917 

0.9908 

0.9898 

0.9887 

0.9875 

0.9862 

1.1 

1.0093 

1.0083 

1.0065 

1.0039 

1.0023 

1.0003 

0.9994 

0.9984 

0.9974 

0.9962 

0.9949 

0.9942 

0.9935 

0.9927 

0.9918 

0.9909 

0.9899 

0.9888 

0.9876 

0.9863 

0.9848 

1.2 

1.0102 

1.0091 

1.0071 

1.0043 

1.0025 

1.0004 

0.9994 

0.9983 

0.9972 

0.9959 

0.9945 

0.9937 

0.9929 

0.992 

0.9911 

0.9901 

0.989 

0.9878 

0.9865 

0.9851 

0.9835 

1.3 

1.011 

1.0098 

1.0077 

1.0047 

1.0027 

1.0004 

0.9994 

0.9982 

0.997 

0.9956 

0.9941 

0.9932 

0.9924 

0.9914 

0.9904 

0.9893 

0.9881 

0.9868 

0.9854 

0.9839 

0.9822 

1.4 

1.0119 

1.0106 

1.0083 

1.0051 

1.003 

1.0004 

0.9993 

0.9981 

0.9968 

0.9953 

0.9936 

0.9928 

0.9918 

0.9908 

0.9897 

0.9885 

0.9872 

0.9859 

0.9844 

0.9827 

0.9809 

1.5 

1.0127 

1.0113 

1.0089 

1.0054 

1.0032 

1.0005 

0.9993 

0.998 

0.9966 

0.995 

0.9932 

0.9923 

0.9912 

0.9902 

0.989 

0.9877 

0.9864 

0.9849 

0.9833 

0.9815 

0.9796 

1.6 

1.0136 

1.0121 

1.0096 

1.0058 

1.0034 

1.0006 

0.9993 

0.9979 

0.9964 

0.9947 

0.9928 

0.9918 

0.9907 

0.9896 

0.9883 

0.987 

0.9855 

0.984 

0.9822 

0.9804 

0.9783 

1.7 

1.0144 

1.0128 

1.0102 

1.0062 

1.0036 

1.0006 

0.9992 

0.9978 

0.962 

0.9944 

0.9924 

0.9913 

0.9902 

0.9889 

0.9876 

0.9862 

0.9847 

0.983 

0.9812 

0.9792 

0.977 

1.8 

1.0153 

1.0136 

1.0108 

1.0066 

1.0039 

1.0007 

0.9992 

0.9977 

0.996 

0.9941 

0.992 

0.9908 

0.9896 

0.9883 

0.987 

0.9854 

0.9838 

0.9821 

0.9801 

0.978 

0.9757 

1.9 

1.0161 

1.0144 

1.0114 

1.007 

1.0041 

1.0008 

0.9992 

0.9976 

0.9958 

0.9938 

0.9916 

0.9904 

0.9891 

0.9877 

0.9863 

0.9847 

0.983 

0.9811 

0.9791 

0.9769 

0.9744 




P f 2 

0.10 

0.20 

0.30 

0.40 

0.45 

0.50 

0.52 

0.54 

0.56 

0.58 

0.60 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.70 

2 

1.017 

1.0151 

1.012 

1.0073 

1.0044 

1.0008 

0.9992 

0.9975 

0.9956 

0.9935 

0.9912 

0.9899 

0.9886 

0.9872 

0.9856 

0.984 

0.9822 

0.9802 

0.9781 

0.9757 

0.9732 

2.1 

1.0178 

1.0159 

1.0126 

1.0077 

1.0046 

1.0009 

0.9992 

0.9974 

0.9954 

0.9932 

0.9908 

0.9895 

0.9881 

0.9866 

0.9849 

0.9832 

0.9813 

0.9793 

0.977 

0.9746 

0.9719 

2.2 

1.0187 

1.0167 

1.0132 

1.0081 

1.0048 

1.001 

0.9992 

0.9973 

0.9952 

0.9929 

0.9904 

0.989 

0.9876 

0.986 

0.9843 

0.9825 

0.9805 

0.9784 

0.976 

0.9734 

0.9706 

2.3 

1.0195 

1.0174 

1.0138 

1.0085 

1.0051 

1.001 

0.9992 

0.9972 

0.995 

0.9927 

0.99 

0.9886 

0.987 

0.9854 

0.9836 

0.9817 

0.9797 

0.9774 

0.975 

0.9723 

0.9694 

2.4 

1.0204 

1.0182 

1.0144 

1.0089 

1.0053 

1.0011 

0.9992 

0.9971 

0.9949 

0.9924 

0.9896 

0.9881 

0.9865 

0.9848 

0.983 

0.981 

0.9789 

0.9765 

0.974 

0.9712 

0.9681 

2.5 

1.0212 

1.0189 

1.015 

1.0093 

1.0056 

1.0012 

0.9992 

0.9971 

0.9947 

0.9921 

0.9893 

0.9877 

0.986 

0.9842 

0.9823 

0.9803 

0.978 

0.9756 

0.973 

0.9701 

0.9669 

2.6 

1.0221 

1.0197 

1.0156 

1.0097 

1.0058 

1.0013 

0.9992 

0.9970 

0.9945 

0.9919 

0.9889 

0.9873 

0.9855 

0.9837 

0.9817 

0.9796 

0.9772 

0.9747 

0.9720 

0.9690 

0.9657 

2.7 

1.0229 

1.0205 

1.0162 

1.0101 

1.0061 

1.0014 

0.9992 

0.9969 

0.9944 

0.9916 

0.9885 

0.9868 

0.9850 

0.9831 

0.9811 

0.9788 

0.9764 

0.9738 

0.9710 

0.9679 

0.9644 

2.8 

1.0238 

1.0212 

1.0169 

1.0104 

1.0063 

1.0014 

0.9992 

0.9968 

0.9942 

0.9914 

0.9882 

0.9864 

0.9846 

0.9826 

0.9804 

0.9781 

0.9757 

0.9730 

0.9700 

0.9668 

0.9632 

2.9 

1.0246 

1.0220 

1.0175 

1.0108 

1.0066 

1.0015 

0.9992 

0.9968 

0.9941 

0.9911 

0.9878 

0.9860 

0.9841 

0.982 

0.9798 

0.9774 

0.9749 

0.9721 

0.9690 

0.9657 

0.9620 

3.0 

1.0255 

1.0228 

1.0181 

1.0112 

1.0068 

1.0016 

0.9993 

0.9967 

0.9939 

0.9908 

0.9874 

0.9856 

0.9836 

0.9815 

0.9792 

0.9767 

0.9741 

0.9712 

0.9681 

0.9646 

0.9608 

3.1 

1.0246 

1.0235 

1.0187 

1.0116 

1.0071 

1.0017 

0.9993 

0.9966 

0.9938 

0.9906 

0.9871 

0.9852 

0.9831 

0.9809 

0.9786 

0.9760 

0.9733 

0.9703 

0.9671 

0.9636 

0.9596 

3.2 

1.0272 

1.0243 

1.0193 

1.0120 

1.0074 

1.0018 

0.9993 

0.9966 

0.9936 

0.9904 

0.9867 

0.9848 

0.9826 

0.9804 

0.9780 

0.9754 

0.9725 

0.9695 

0.9661 

0.9625 

0.9584 

3.3 

1.0280 

1.0250 

1.0199 

1.0124 

1.0076 

1.0019 

0.9993 

0.9965 

0.9935 

0.9901 

0.9864 

0.9843 

0.9822 

0.9798 

0.9774 

0.9747 

0.9718 

0.9686 

0.9652 

0.9614 

0.9572 

3.4 

1.0289 

1.0258 

1.0206 

1.0128 

1.0079 

1.0020 

0.9994 

0.9965 

0.9933 

0.9899 

0.9860 

0.9839 

0.9817 

0.9793 

0.9768 

0.9740 

0.9710 

0.9678 

0.9642 

0.9603 

0.9561 

3.5 

1.0298 

1.0266 

1.0212 

1.0133 

1.0082 

1.0021 

0.9994 

0.9964 

0.9932 

0.9896 

0.9857 

0..9835 

0.9812 

0.9788 

0.9762 

0.9733 

0.9702 

0.9669 

0.9633 

0.9593 

0.9549 

3.6 

1.0306 

1.0273 

1.0218 

1.0137 

1.0084 

1.0022 

0.9994 

0.9964 

0.9931 

0.9894 

0.9854 

0.9832 

0.9808 

0.9783 

0.9756 

0.9727 

0.9695 

0.9661 

0.9623 

0.9582 

0.9537 

3.7 

1.0314 

1.0281 

1.0224 

1.0141 

1.0087 

1.0024 

0.9994 

0.9963 

0.9929 

0.9892 

0.9850 

0.9828 

0.9803 

0.9778 

0.9750 

0.9720 

0.9688 

0.9652 

0.9614 

0.9572 

0.9526 

3.8 

1.0323 

1.0289 

1.0230 

1.0145 

1.0090 

1.0025 

0.9995 

0.9963 

0.9928 

0.9890 

0.9847 

0.9824 

0.9799 

0.9772 

0.9744 

0.9713 

0.9680 

0.9644 

0.9605 

0.9562 

0.9514 

3.9 

1.0332 

1.0296 

1.0237 

1.0149 

1.0093 

1.0026 

0.9995 

0.9963 

0.9927 

0.9888 

0.9844 

0.9820 

0.9794 

0.9767 

0.9738 

0.9707 

0.9673 

0.9636 

0.9596 

0.9551 

0.9503 

4.0 

1.0340 

1.0304 

1.0243 

1.0153 

1.0095 

1.0027 

0.9996 

0.9962 

0.9926 

0.9885 

0.9840 

0.9816 

0.9790 

0.9762 

0.9732 

0.9700 

0.9665 

0.9628 

0.9586 

0.9541 

0.9491 
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The Minimum Gas Production Rate 
for Water Removal in Gas Wells 


Data presented in this section were generated with Guo’s method on the 
basis of the following parameter values: 


Gas-specific gravity: 

0.60 to 0.90 air =1 

Hole inclination: 

0° 

Wellhead pressure: 

100 psi 

Wellhead temperature: 

60 °F 

Geothermal gradient: 

° 

o 

_L 

o 

3 

Condensate gravity: 

70 API 

Condensate production rate: 

0 

Water-specific gravity: 

1.08 water = 1 

Water production rate: 

0 to 5 bbl/day 

Solid make: 

0 

Tubing ID: 

1.66 to 3.5 in 

Conduit wall roughness: 

0.000015 in 

Maximum interfacial tension: 

60 dyne/cm 
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1 . 66 - in . Tubing , 0 . 60 - S . G . Gas , 100 -psia Wellhead Pressure 



Figure D-1 Critical gas production rate for water removal in 1.66-in tubing 
against 100 psia wellhead pressure, S.G. 0.60 gas. 
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Figure D-2 Critical gas production rate for water removal in 1.66-in tubing 
against 300 psia wellhead pressure, S.G. 0.60 gas. 
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1.66-in. Tubing, 0.60-S.G. Gas, 500-psia Wellhead Pressure 



ire D-3 Critical gas production rate for water removal in 1.66-in tubing 
against 500 psia wellhead pressure, S.G. 0.60 gas. 


1.66-in. Tubing, 0.60-S.G. Gas, 700-psia Wellhead Pressure 



Figure 0-4 Critical gas production rate for water removal in 1.66-in tubing 
against 700 psia wellhead pressure, S.G. 0.60 gas. 
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1.66-in. Tubing, 0.60-S.G. Gas, 900-psia Wellhead Pressure 



Figure D-5 Critical gas production rate for water removal in 1.66-in tubing 
against 900 psia wellhead pressure, S.G. 0.60 gas. 


1.995-in. Tubing, 0.60-S.G. Gas, 100-psia Wellhead Pressure 



Figure D-6 Critical gas production rate for water removal in 1.995-in tubing 
against 100 psia wellhead pressure, S.G. 0.60 gas. 
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1.995-in. Tubing, 0.60-S.G. Gas, 300-psia Wellhead Pressure 



ure D-7 Critical gas production rate for water removal in 1.995-in tubing 
against 300 psia wellhead pressure, S.G. 0.60 gas. 


1.995-in. Tubing, 0.60-S.G. Gas, 500-psia Wellhead Pressure 



Figure D-8 Critical gas production rate for water removal in 1.995-in tubing 
against 500 psia wellhead pressure, S.G. 0.60 gas. 
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1.995-in. Tubing, 0.60-S.G. Gas, 700-psia Wellhead Pressure 



Figure D-9 Critical gas production rate for water removal in 1.995-in tubing 
against 700 psia wellhead pressure, S.G. 0.60 gas. 



0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 


Depth (ft) 

Figure D-10 Critical gas production rate for water removal in 1.995-in tubing 
against 900 psia wellhead pressure, S.G. 0.60 gas. 
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2.375-in. Tubing, 0.60-S.G. Gas, 100-psia Wellhead Pressure 



Depth (ft) 


Figure D-11 Critical gas production rate for water removal in 2.375-in tubing 
against 100 psia wellhead pressure, S.G. 0.60 gas. 



0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 

Depth (ft) 


Figure D-12 Critical gas production rate for water removal in 2.375-in tubing 
against 300 psia wellhead pressure, S.G. 0.60 gas. 
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0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 


Depth (ft) 

Figure D-13 Critical gas production rate for water removal in 2.375-in tubing 
against 500 psia wellhead pressure, S.G. 0.60 gas. 



0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 


Depth (ft) 

Figure D-14 Critical gas production rate for water removal in 2.375-in tubing 
against 700 psia wellhead pressure, S.G. 0.60 gas. 
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0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 


Depth (ft) 

Figure D-15 Critical gas production rate for water removal in 2.375-in tubing 
against 900 psia wellhead pressure, S.G. 0.60 gas. 


2.875-in. Tubing, 0.60-S.G. Gas, 100-psia Wellhead Pressure 



Figure D-16 Critical gas production rate for water removal in 2.875-in tubing 
against 100 psia wellhead pressure, S.G. 0.60 gas. 
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against 300 psia wellhead pressure, S.G. 0.60 gas. 



0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 


Depth (ft) 

Figure D—18 Critical gas production rate for water removal in 2.875-in tubing 

against 500 psia wellhead pressure, S.G. 0.60 gas. 
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2.875-in. Tubing, 0.60-S.G. Gas, 700-psia Wellhead Pressure 



Figure D-19 Critical gas production rate for water removal in 2.875-in tubing 
against 700 psia wellhead pressure, S.G. 0.60 gas. 


2.875-in. Tubing, 0.60-S.G. Gas, 900-psia Wellhead Pressure 



0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 


Depth (ft) 


Figure D-20 Critical gas production rate for water removal in 2.875-in tubing 
against 900 psia wellhead pressure, S.G. 0.60 gas. 
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0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 


Depth (ft) 

Figure D-21 Critical gas production rate for water removal in 3.5-in tubing 
against 100 psia wellhead pressure, S.G. 0.60 gas. 



0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 

Depth (ft) 

Figure D-22 Critical gas production rate for water removal in 3.5-in tubing 
against 300 psia wellhead pressure, S.G. 0.60 gas. 
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3.5-in. Tubing, 0.60-S.G. Gas, 500-psia Wellhead Pressure 



Figure D-23 Critical gas production rate for water removal in 3.5-in tubing 
against 500 psia wellhead pressure, S.G. 0.60 gas. 


3.5-in. Tubing, 0.60-S.G. Gas, 700-psia Wellhead Pressure 



Figure D-24 Critical gas production rate for water removal in 3.5-in tubing 
against 700 psia wellhead pressure, S.G. 0.60 gas. 
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3.5-in. Tubing, 0.60-S.G. Gas, 900-psia Wellhead Pressure 



Figure D-25 Critical gas production rate for water removal in 3.5-in tubing 
against 900 psia wellhead pressure, S.G. 0.60 gas. 


1.66-in. Tubing, 0.70-S.G. Gas, 100-psia Wellhead Pressure 



Figure D-26 Critical gas production rate for water removal in 1.66-in tubing 
against 100 psia wellhead pressure, S.G. 0.70 gas. 
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1.66-in. Tubing, 0.70-S.G. Gas, 300-psia Wellhead Pressure 



Figure 0-27 Critical gas production rate for water removal in 1.66-in tubing 
against 300 psia wellhead pressure, S.G. 0.70 gas. 


1.66-in. Tubing, 0.70-S.G. Gas, 500-psia Wellhead Pressure 



against 500 psia wellhead pressure, S.G. 0.70 gas. 
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1.66-in. Tubing, 0.70-S.G. Gas, 700-psia Wellhead Pressure 



Figure D-29 Critical gas production rate for water removal in 1.66-in tubing 
against 700 psia wellhead pressure, S.G. 0.70 gas. 


1.66-in. Tubing, 0.70-S.G. Gas, 900-psia Wellhead Pressure 



Figure D-30 Critical gas production rate for water removal in 1.66-in tubing 
against 900 psia wellhead pressure, S.G. 0.70 gas. 
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1.995-in. Tubing, 0.70-S.G. Gas, 100-psia Wellhead Pressure 



Figure D-31 Critical gas production rate for water removal in 1.995-in tubing 
against 100 psia wellhead pressure, S.G. 0.70 gas. 


1.995-In. Tubing, 0.70-S.G. Gas, 300-psia Wellhead Pressure 



Figure D-32 Critical gas production rate for water removal in 1.995-in tubing 
against 300 psia wellhead pressure, S.G. 0.70 gas. 
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1.995-in. Tubing, 0.70-S.G. Gas, 500-psia Wellhead Pressure 



Depth (It) 

Figure D-33 Critical gas production rate for water removal in 1.995-in tubing 
against 500 psia wellhead pressure, S.G. 0.70 gas. 


1.995-in. Tubing, 0.70-S.G. Gas, 700-psia Wellhead Pressure 



Figure D-34 Critical gas production rate for water removal in 1.995-in tubing 
against 700 psia wellhead pressure, S.G. 0.70 gas. 
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1.995-in. Tubing, 0.70-S.G. Gas, 900-psia Wellhead Pressure 



Figure D-35 Critical gas production rate lor water removal in 1.995-in tubing 
against 900 psia wellhead pressure, S.G. 0.70 gas. 


2.375-in. Tubing, 0.70-S.G. Gas, 100-psia Wellhead Pressure 



Figure D-36 Critical gas production rate for water removal in 2.375-in tubing 
against 100 psia wellhead pressure, S.G. 0.70 gas. 
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2.375-in. Tubing, 0.70-S.G. Gas, 300-psia Wellhead Pressure 



Figure D-37 Critical gas production rate for water removal in 2.375-in tubing 
against 300 psia wellhead pressure, S.G. 0.70 gas. 


2.375-in. Tubing, 0.70-S.G. Gas, 500-psia Wellhead Pressure 



Figure D-38 Critical gas production rate for water removal in 2.375-in tubing 
against 500 psia wellhead pressure, S.G. 0.70 gas. 
























































App. D Minimum Gas Production Rate for Water Removal in Gas Wells 359 


2.375-in. Tubing, 0.70-S.G. Gas, 700-psia Wellhead Pressure 



Figure D-39 Critical gas production rate for water removal in 2.375-in tubing 
against 700 psia wellhead pressure, S.G. 0.70 gas. 


2.375-in. Tubing, 0.70-S.G. Gas, 900-psia Wellhead Pressure 



Figure D-40 Critical gas production rate for water removal in 2.375-in tubing 
against 900 psia wellhead pressure, S.G. 0.70 gas. 
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2.875-in. Tubing, 0.70-S.G. Gas, 100-psia Wellhead Pressure 



Figure D-41 Critical gas production rate for water removal in 2.875-in tubing 
against 100 psia wellhead pressure, S.G. 0.70 gas. 


2.875-in. Tubing, 0.70-S.G. Gas, 300-psia Wellhead Pressure 



Figure D-42 Critical gas production rate for water removal in 2.875-in tubing 
against 300 psia wellhead pressure, S.G. 0.70 gas. 
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2.875-in. Tubing, 0.70-S.G. Gas, 500-psia Wellhead Pressure 



Figure D-43 Critical gas production rate for water removal in 2.875-in tubing 
against 500 psia wellhead pressure, S.G. 0.70 gas. 


2.875-in. Tubing, 0.70-S.G. Gas, 700-psia Wellhead Pressure 



Figure D-44 Critical gas production rate for water removal in 2.875-in tubing 
against 700 psia wellhead pressure, S.G. 0.70 gas. 
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3.5-in. Tubing, 0.70-S.G. Gas, 300-psia Wellhead Pressure 



Figure D-47 Critical gas production rate for water removal in 3.5-in tubing 
against 300 psia wellhead pressure, S.G. 0.70 gas. 


3.5-in. Tubing, 0.70-S.G. Gas, 500-psia Wellhead Pressure 



Figure D-48 Critical gas production rate for water removal in 3.5-in tubing 
against 500 psia wellhead pressure, S.G. 0.70 gas. 
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3.5-in. Tubing, 0.70-S.G. Gas, 700-psia Wellhead Pressure 



Figure D-49 Critical gas production rate for water removal in 3.5-in tubing 
against 700 psia wellhead pressure, S.G. 0.70 gas. 


3.5-in. Tubing, 0.70-S.G. Gas, 900-psia Wellhead Pressure 



Figure D-50 Critical gas production rate for water removal in 3.5-in tubing 
against 900 psia wellhead pressure, S.G. 0.70 gas. 
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1.66-in. Tubing, 0.80-S.G. Gas, 100-psia Wellhead Pressure 



Figure D-51 Critical gas production rate for water removal in 1.66-in tubing 
against 100 psia wellhead pressure, S.G. 0.80 gas. 


1.66-in. Tubing, 0.80-S.G. Gas, 300-psia Wellhead Pressure 



Figure D-52 Critical gas production rate for water removal in 1.66-in tubing 
against 300 psia wellhead pressure, S.G. 0.80 gas. 
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1.66-in. Tubing, 0.80-S.G. Gas, 500-psia Wellhead Pressure 



0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 

Depth (ft) 

Figure D-53 Critical gas production rate for water removal in 1.66-in tubing 
against 500 psia wellhead pressure, S.G. 0.80 gas. 


1.66-in. Tubing, 0.80-S.G. Gas, 700-psia Wellhead Pressure 
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Figure 0-54 Critical gas production rate for water removal in 1.66-in tubing 
against 700 psia wellhead pressure, S.G. 0.80 gas. 




































App. D Minimum Gas Production Rate for Water Removal in Gas Wells 367 


1.66-in. Tubing, 0.80-S.G. Gas, 900-psia Wellhead Pressure 



Figure D-55 Critical gas production rate for water removal in 1.66-in tubing 
against 900 psia wellhead pressure, S.G. 0.80 gas. 


1.995-in. Tubing, 0.80-S.G. Gas, 100-psia Wellhead Pressure 



Figure D-56 Critical gas production rate for water removal in 1.995-in tubing 
against 100 psia wellhead pressure, S.G. 0.80 gas. 














































368 App. D Minimum Gas Production Rate for Water Removal in Gas Wells 


1.995-in. Tubing, 0.80-S.G. Gas, 300-psia Wellhead Pressure 



Figure D-57 Critical gas production rate for water removal in 1.995-in tubing 
against 300 psia wellhead pressure, S.G. 0.80 gas. 


1.995-in. Tubing, 0.80-S.G. Gas, 500-psia Wellhead Pressure 



Figure D-58 Critical gas production rate for water removal in 1.995-in tubing 
against 500 psia wellhead pressure, S.G. 0.80 gas. 










































App. D Minimum Gas Production Rate for Water Removal in Gas Wells 369 


1.995-in. Tubing, 0.80-S.G. Gas, 700-psia Wellhead Pressure 



Figure D-59 Critical gas production rate for water removal in 1.995-in tubing 
against 700 psia wellhead pressure, S.G. 0.80 gas. 


1.995-in. Tubing, 0.80-S.G. Gas, 900-psia Wellhead Pressure 



Figure D-60 Critical gas production rate for water removal in 1.995-in tubing 
against 900 psia wellhead pressure, S.G. 0.80 gas. 
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370 App. D Minimum Gas Production Rate for Water Removal in Gas Wells 


2.375-in. Tubing, 0.80-S.G. Gas, 100-psia Wellhead Pressure 



ure D-61 Critical gas production rate for water removal in 2.375-in tubing 
against 100 psia wellhead pressure, S.G. 0.80 gas. 


2.375-in. Tubing, 0.80-S.G. Gas, 300-psia Wellhead Pressure 



Figure 0-62 Critical gas production rate for water removal in 2.375-in tubing 
against 300 psia wellhead pressure, S.G. 0.80 gas. 























App. D Minimum Gas Production Rate for Water Removal in Gas Wells 371 


2.375-in. Tubing, 0.80-S.G. Gas, 500-psia Wellhead Pressure 



Figure D-63 Critical gas production rate for water removal in 2.375-in tubing 
against 500 psia wellhead pressure, S.G. 0.80 gas. 


2.375-in. Tubing, 0.80-S.G. Gas, 700-psia Wellhead Pressure 



Figure D-64 Critical gas production rate for water removal in 2.375-in tubing 
against 700 psia wellhead pressure, S.G. 0.80 gas. 





























372 App. D Minimum Gas Production Rate for Water Removal in Gas Wells 


2.375-in. Tubing, 0.80-S.G. Gas, 900-psia Wellhead Pressure 



Figure 0-85 Critical gas production rate for water removal in 2.375-in tubing 
against 900 psia wellhead pressure, S.G. 0.80 gas. 


2.875-in. Tubing, 0.80-S.G. Gas, 100-psia Wellhead Pressure 



Figure D-66 Critical gas production rate for water removal in 2.875-in tubing 
against 100 psia wellhead pressure, S.G. 0.80 gas. 





















App. D Minimum Gas Production Rate for Water Removal in Gas Wells 373 


2.875-in. Tubing, 0.80-S.G. Gas, 300-psia Wellhead Pressure 



Figure D-67 Critical gas production rate for water removal in 2.875-in tubing 
against 300 psia wellhead pressure, S.G. 0.80 gas. 


2.875-in. Tubing, 0.80-S.G. Gas, 500-psia Wellhead Pressure 



Figure 0-88 Critical gas production rate for water removal in 2.875-in tubing 
against 500 psia wellhead pressure, S.G. 0.80 gas. 
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Figure 0-69 Critical gas production rate for water removal in 2.875-in tubing 
against 700 psia wellhead pressure, S.G. 0.80 gas. 

























App. D Minimum Gas Production Rate for Water Removal in Gas Wells 375 


3.5-in. Tubing, 0.80-S.G. Gas, 100-psia Wellhead Pressure 



Figure D-71 Critical gas production rate for water removal in 3.5*in tubing 
against 100 psia wellhead pressure, S.G. 0.80 gas. 


3.5-in. Tubing, 0.80-S.G. Gas, 300-psia Wellhead Pressure 



Figure 0-72 Critical gas production rate for water removal in 3.5-in tubing 
against 300 psia wellhead pressure, S.G. 0.80 gas. 































376 App. D Minimum Gas Production Rate for Water Removal in Gas Wells 


3.5-in. Tubing, 0.80-S.G. Gas, 500-psia Wellhead Pressure 



Figure D-73 Critical gas production rate for water removal in 3.5-in tubing 
against 500 psia wellhead pressure, S.G. 0.80 gas. 


3.5-in. Tubing, 0.80-S.G. Gas, 700-psia Wellhead Pressure 



Critical gas production rate for water removal in 3.5-in tubing 
against 700. psia wellhead, pressure, S.G. 0.80_gas. 


Figure D-74 












































App. D Minimum Gas Production Rate for Water Removal in Gas Wells 377 


3.5-in. Tubing, 0.80-S.G. Gas, 900-psia Wellhead Pressure 



Figure D-75 Critical gas production rate for water removal in 3.5-in tubing 
against 900 psia wellhead pressure, S.G. 0.80 gas. 


1.66-in. Tubing, 0.90-S.G. Gas, 100-psia Wellhead Pressure 



Figure D-76 Critical gas production rate for water removal in 1.66-in tubing 
against 100 psia wellhead pressure, S.G. 0.90 gas. 
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378 App. D Minimum Gas Production Rate for Water Removal in Gas Wells 
























App. D Minimum Gas Production Rate for Water Removal in Gas Wells 379 


1.66-in. Tubing, 0.90-S.G. Gas, 700-psia Wellhead Pressure 



Figure D-79 Critical gas production rate for water removal in 1.66-in tubing 
against 700 psia wellhead pressure, S.G. 0.90 gas. 


1.66-in. Tubing, 0.90-S.G. Gas, 900-psia Wellhead Pressure 



Figure 0-80 Critical gas production rate for water removal in 1.66-in tubing 
against 900 psia wellhead pressure, S.G. 0.90 gas. 




















380 App. D Minimum Gas Production Rate for Water Removal in Gas Wells 


1.995-in. Tubing, 0.90-S.G. Gas, 100-psia Wellhead Pressure 



Figure D-81 Critical gas production rate for water removal in 1.995-in tubing 
against 100 psia wellhead pressure, S.G. 0.90 gas. 


1.995-in. Tubing, 0.90-S.G. Gas, 300-psia Wellhead Pressure 



Figure D-82 Critical gas production rate for water removal in 1.995-in tubing 
against 300 psia wellhead pressure, S.G. 0.90 gas. 
































App. D Minimum Gas Production Rate for Water Removal in Gas Wells 381 


1.995-in. Tubing, 0.90-S.G. Gas, 500-psia Wellhead Pressure 



Figure D-83 Critical gas production rate for water removal in 1.995-in tubing 
against 500 psia wellhead pressure, S.G. 0.90 gas. 


1.995-in. Tubing, 0.90-S.G. Gas, 700-psia Wellhead Pressure 



Figure D-84 Critical gas production rate for water removal in 1.995-in tubing 
against 700 psia wellhead pressure, S.G. 0.90 gas. 





































382 App. D Minimum Gas Production Rate for Water Removal in Gas Wells 


1.995-in. Tubing, 0.90-S.G. Gas, 900-psia Wellhead Pressure 



Figure D-85 Critical gas production rate for water removal in 1.995-in tubing 
against 900 psia wellhead pressure, S.G. 0.90 gas. 


2.375-in. Tubing, 0.90-S.G. Gas, 100-psia Wellhead Pressure 



Figure 0-86 Critical gas production rate for water removal in 2.375-in tubing 
against 100 psia wellhead pressure, S.G. 0.90 gas. 























App. D Minimum Gas Production Rate for Water Removal in Gas Wells 383 


2.375-in. Tubing, 0.90-S.G. Gas, 300-psia Wellhead Pressure 



Figure 0-87 Critical gas production rate for water removal in 2.375-in tubing 
against 300 psia wellhead pressure, S.G. 0.90 gas. 
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Figure D-88 Critical gas production rate for water removal in 2.375-in tubing 
against 500 psia wellhead pressure, S.G. 0.90 gas. 

































384 App. D Minimum Gas Production Rate for Water Removal in Gas Wells 


2.375-in. Tubing, 0.90-S.G. Gas, 700-psia Wellhead Pressure 



Figure 0-69 Critical gas production rate for water removal in 2.375-in tubing 
against 700 psia wellhead pressure, S.G. 0.90 gas. 


2.375-in. Tubing, 0.90-S.G. Gas, 900-psia Wellhead Pressure 



Figure 0-90 Critical gas production rate for water removal in 2.375-in tubing 
against 900 psia wellhead pressure, S.G. 0.90 gas. 






































App. D Minimum Gas Production Rate for Water Removal in Gas Wells 385 


2.875-in. Tubing, 0.90-S.G. Gas, 100-psia Wellhead Pressure 



Figure D-91 Critical gas production rate for water removal in 2.875-in tubing 
against 100 psia wellhead pressure, S.G. 0.90 gas. 


2.875-in. Tubing, 0.90-S.G. Gas, 300-psia Wellhead Pressure 



Figure D-92 Critical gas production rate for water removal in 2.875-in tubing 
against 300 psia wellhead pressure, S.G. 0.90 gas. 



















386 App. D Minimum Gas Production Rate for Water Removal in Gas Wells 


2.875-in. Tubing, 0.90-S.G. Gas, 500-psia Wellhead Pressure 



Figure D-93 Critical gas production rate for water removal in 2.875-in tubing 
against 500 psia wellhead pressure, S.G. 0.90 gas. 


2.875-in. Tubing, 0.90-S.G. Gas, 700-psia Wellhead Pressure 



Figure D-94 Critical gas production rate for water removal in 2.875-in tubing 
against 700 psia wellhead pressure, S.G. 0.90 gas. 

















App. D Minimum Gas Production Rate for Water Removal in Gas Wells 387 


2.875-in. Tubing, 0.90-S.G. Gas, 900-psia Wellhead Pressure 



Figure D-95 Critical gas production rate for water removal in 2.875-in tubing 
against 900 psia wellhead pressure, S.G. 0.90 gas. 


3.5-in. Tubing, 0.90-S.G. Gas, 100-psia Wellhead Pressure 
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Figure D-96 Critical gas production rate for water removal in 3.5-in tubing 
against 100 psia wellhead pressure, S.G. 0.90 gas. 































388 App. D Minimum Gas Production Rate for Water Removal in Gas Wells 


3.5-in. Tubing, 0.90-S.G. Gas, 300-psia Wellhead Pressure 



Figure D-97 Critical gas production rate for water removal in 3.5-in tubing 
against 300 psia wellhead pressure, S.G. 0.90 gas. 


3.5-in. Tubing, 0.90-S.G. Gas, 500-psia Wellhead Pressure 



Figure D-98 Critical gas production rate for water removal in 3.5-in tubing 
against 500 psia wellhead pressure, S.G. 0.90 gas. 




































App. D Minimum Gas Production Rate for Water Removal in Gas Wells 389 


Next Page 


3.5-in. Tubing, 0.90-S.G. Gas, 700-psia Wellhead Pressure 



Figure D-99 Critical gas production rate for water removal in 3.5-in tubing 
against 700 psia wellhead pressure, S.G. 0.90 gas. 


3.5-in. Tubing, 0.90-S.G. Gas, 900-psia Wellhead Pressure 



Figure D-100 Critical gas production rate for water removal in 3.5-in tubing 
against 900 psia wellhead pressure, S.G. 0.90 gas. 






























































































































































































































































































































































































































































Appendix E 


Previous Page 


The Minimum Gas Production Rate 
for Condensate Removal in Gas Wells 


Data presented in this section were generated with Guo’s method on the 
basis of the following parameter values: 


Gas specific gravity: 

0.60 to 0.90 air =1 

Hole inclination: 

0° 

Wellhead pressure: 

100 psi 

Wellhead temperature: 

60 °F 

Geothermal gradient: 

0.01 °F/ft 

Condensate gravity: 

70 API 

Condensate production rate: 

0 to 50 bbl/day 

Water specific gravity: 

1.08 water = 1 

Water production rate: 

0 

Solid make: 

0 

Tubing ID: 

1.66 to 3.5 in 

Conduit wall roughness: 

0.000015 in 

Maximum interfacial tension: 

60 dyne/cm 
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392 App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 


1.66-in. Tubing, 0.60-S.G. Gas, 100-psia Wellhead Pressure 



tubing against 100 psia wellhead pressure, S.G. 0.60 gas. 


1.66-in. Tubing, 0.60-S.G. Gas, 300-psia Wellhead Pressure 



Figure E-2 Critical gas production rate for condensate removal in 1.66-in 
tubing against 300 psia wellhead pressure, S.G. 0.60 gas. 














































App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 393 


1.66-in. Tubing, 0.60-S.G. Gas, 500-psia Wellhead Pressure 



Figure E-3 Critical gas production rate for condensate removal in 1.66-in 
tubing against 500 psia wellhead pressure, S.G. 0.60 gas. 


1.66-in. Tubing, 0.60-S.G. Gas, 700-psia Wellhead Pressure 



Figure E-4 Critical gas production rate for condensate removal in 1.66-in 
tubing against 700 psia wellhead pressure, S.G. 0.60 gas. 









































394 App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 


1.66-in. Tubing, 0.60-S.G. Gas, 900-psia Wellhead Pressure 



Figure E-5 Critical gas production rate for condensate removal in 1.66-in 
tubing against 900 psia wellhead pressure, S.G. 0.60 gas. 


1.995-in. Tubing, 0.60-S.G. Gas, 100-psia Wellhead Pressure 



Figure E-6 Critical gas production rate for condensate removal in 1.995-in 
tubing against 100 psia wellhead pressure, S.G. 0.60 gas. 










































































App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 395 


1.995-in. Tubing, 0.60-S.G. Gas, 300-psia Wellhead Pressure 



Figure E-7 Critical gas production rate for condensate removal in 1.995-in 
tubing against 300 psia wellhead pressure, S.G. 0.60 gas. 


1.995-in. Tubing, 0.60-S.G. Gas, 500-psia Wellhead Pressure 



Figure E-8 Critical gas production rate for condensate removal in 1.995-in 
tubing against 500 psia wellhead pressure, S.G. 0.60 gas. 
























































396 App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 


1.995-in. Tubing, 0.60-S.G. Gas, 700-psia Wellhead Pressure 



Figure E-9 Critical gas production rate for condensate removal in 1.995-in 
tubing against 700 psia wellhead pressure, S.G. 0.60 gas. 


1.995-in. Tubing, 0.60-S.G. Gas, 900-psia Wellhead Pressure 



Figure E-10 Critical gas production rate for condensate removal in 1.995-in 
tubing against 900 psia wellhead pressure, S.G. 0.60 gas. 


























App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 397 



0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 

Depth (ft) 


Figure E—11 Critical gas production rate for condensate removal in 2.375-in 

tubing against 100 psia wellhead pressure, S.G. 0.60 gas. 


2.375-in. Tubing, 0.60-S.G. Gas, 300-psia Wellhead Pressure 



Figure E-12 Critical gas production rate for condensate removal in 2.375-in 

tubing against 300 psia wellhead pressure, S.G. 0.60 gas. 































398 App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 


2.375-in. Tubing, 0.60-S.G. Gas, 500-psia Wellhead Pressure 



Figure E—13 Critical gas production rate for condensate removal in 2.375-in 

tubing against 500 psia wellhead pressure, S.G. 0.60 gas. 


2.375-in. Tubing, 0.60-S.G. Gas, 700-psia Wellhead Pressure 



Figure E-14 Critical gas production rate for condensate removal in 2.375-in 
tubing against 700 psia wellhead pressure, S.G. 0.60 gas. 















































































App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 399 


2.375-in. Tubing, 0.60-S.G. Gas, 900-psia Wellhead Pressure 



Figure E—15 Critical gas production rate for condensate removal in 2.375-in 

tubing against 900 psia wellhead pressure, S.G. 0.60 gas. 



0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 


Depth (ft) 

Figure E-16 Critical gas production rate for condensate removal in 2.875-in 
tubing against 100 psia wellhead pressure, S.G. 0.60 gas. 



















400 App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 


2.875-in. Tubing, 0.60-S.G. Gas, 300-psia Wellhead Pressure 



Figure E-17 Critical gas production rate for condensate removal in 2.875-in 
tubing against 300 psia wellhead pressure, S.G. 0.60 gas. 
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Depth (ft) 

Figure E—18 Critical gas production rate for condensate removal in 2.875-in 

tubing against 500 psia wellhead pressure, S.G. 0.60 gas. 
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Figure E-20 Critical gas production rate for condensate removal in 2.875-in 
tubing against 900 psia wellhead pressure, S.G. 0.60 gas. 
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Figure E-19 Critical gas production rate for condensate removal in 2.875-in 
tubing against 700 psia wellhead pressure, S.G. 0.60 gas. 
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402 App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 


3.5-in. Tubing, 0.60-S.G. Gas, 100-psia Wellhead Pressure 



Figure E—21 Critical gas production rate for condensate removal in 3.5-in 

tubing against 100 psia wellhead pressure, S.G. 0.60 gas. 


3.5-in. Tubing, 0.60-S.G. Gas, 300-psia Wellhead Pressure 



Figure E-22 Critical gas production rate for condensate removal in 3.5-in 
tubing against 300 psia wellhead pressure, S.G. 0.60 gas. 
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3.5-in. Tubing, 0.60-S.G. Gas, 500-psia Wellhead Pressure 



Depth (ft) 

Figure E-23 Critical gas production rate for condensate removal in 3.5-in 
tubing against 500 psia wellhead pressure, S.G. 0.60 gas. 


3.5-in. Tubing, 0.60-S.G. Gas, 700-psia Wellhead Pressure 



Figure E-24 Critical gas production rate for condensate removal in 3.5-in 
tubing against 700 psia wellhead pressure, S.G. 0.60 gas. 



































































404 App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 


3.5-in. Tubing, 0.60-S.G. Gas, 900-psia Wellhead Pressure 



Figure E-25 Critical gas production rate for condensate removal in 3.5-in 
tubing against 900 psia wellhead pressure, S.G. 0.60 gas. 


1.66-in. Tubing, 0.70-S.G. Gas, 100-psia Wellhead Pressure 



Figure E-26 Critical gas production rate for condensate removal in 1.66-in 
tubing against 100 psia wellhead pressure, S.G. 0.70 gas. 







































App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 405 


1.66-in. Tubing, 0.70-S.G. Gas, 300-psia Wellhead Pressure 



Figure E-27 Critical gas production rate for condensate removal in 1.66-in 
tubing against 300 psia wellhead pressure, S.G. 0.70 gas. 


1.66-in. Tubing, 0.70-S.G. Gas, 500-psia Wellhead Pressure 



Figure E-28 Critical gas production rate for condensate removal in 1.66-in 
tubing against 500 psia wellhead pressure, S.G. 0.70 gas. 





























406 App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 


1.66-in. Tubing, 0.70-S.G. Gas, 700-psia Wellhead Pressure 



Figure E-29 Critical gas production rate for condensate removal in 1.66-in 
tubing against 700 psia wellhead pressure, S.G. 0.70 gas. 


1.66-in. Tubing, 0.70-S.G. Gas, 900-psia Wellhead Pressure 



Critical gas production rate for condensate removal in 1.66-in 
tubing against 900 psia wellhead pressure, S.G. 0.70 gas. 


Figure E-30 
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App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 407 


1.995-in. Tubing, 0.70-S.G. Gas, 100-psia Wellhead Pressure 



ire E—31 Critical gas production rate for condensate removal in 1.995-in 

tubing against 100 psia wellhead pressure, S.G. 0.70 gas. 
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Figure E-32 Critical gas production rate for condensate removal in 1.995-in 
tubing against 300 psia wellhead pressure, S.G. 0.70 gas. 












































408 App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 


1.995-in. Tubing, 0.70-S.G. Gas, 500-psia Wellhead Pressure 



Figure E-33 Critical gas production rate for condensate removal in 1.995-in 
tubing against 500 psia wellhead pressure, S.G. 0.70 gas. 


1.995-in. Tubing, 0.70-S.G. Gas, 700-psia Wellhead Pressure 



Figure E-34 Critical gas production rate for condensate removal in 1.995-in 
tubing against 700 psia wellhead pressure, S.G. 0.70 gas. 




















App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 409 


1.995-in. Tubing, 0.70-S.G. Gas, 900-psia Wellhead Pressure 



Figure E-35 Critical gas production rate for condensate removal in 1.995-in 
tubing against 900 psia wellhead pressure, S.G. 0.70 gas. 


2.375-in. Tubing, 0.70-S.G. Gas, 100-psia Wellhead Pressure 



Figure E-36 Critical gas production rate for condensate removal in 2.375-in 
tubing against 100 psia wellhead pressure, S.G. 0.70 gas. 
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lure E-37 Critical gas production rate for condensate removal in 2.375-in 
tubing against 300 psia wellhead pressure, S.G. 0.70 gas. 


2.375-in. Tubing, 0.70-S.G. Gas, 500-psia Wellhead Pressure 
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Figure E-38 Critical gas production rate for condensate removal in 2.375-in 
tubing against 500 psia wellhead pressure, S.G. 0.70 gas. 
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2.375-in. Tubing, 0.70-S.G. Gas, 700-psia Wellhead Pressure 



Figure E-39 Critical gas production rate for condensate removal in 2.375-in 
tubing against 700 psia wellhead pressure, S.G. 0.70 gas. 


2.375-in. Tubing, 0.70-S.G. Gas, 900-psia Wellhead Pressure 



Figure E-40 Critical gas production rate for condensate removal in 2.375-in 
tubing against 900 psia wellhead pressure, S.G. 0.70 gas. 
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Figure E-41 Critical gas production rate for condensate removal in 2.875-in 
tubing against 100 psia wellhead pressure, S.G. 0.70 gas. 


2.875-in. Tubing, 0.70-S.G. Gas, 300-psia Wellhead Pressure 



Figure E-42 Critical gas production rate for condensate removal in 2.875-in 
tubing against 300 psia wellhead pressure, S.G. 0.70 gas. 
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2.875-in. Tubing, 0.70-S.G. Gas, 500-psia Wellhead Pressure 
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Figure E-43 Critical gas production rate for condensate removal in 2.875-in 
tubing against 500 psia wellhead pressure, S.G. 0.70 gas. 


2.875-in. Tubing, 0.70-S.G. Gas, 700-psia Wellhead Pressure 



Figure E-44 Critical gas production rate for condensate removal in 2.875-in 
tubing against 700 psia weiihead pressure, S.G. 0.70 gas. 
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E-45 Critical gas production rate for condensate removal in 2.875-in 
tubing against 900 psia wellhead pressure, S.G. 0.70 gas. 


3.5-in. Tubing, 0.70-S.G. Gas, 100-psia Wellhead Pressure 



Figure E-46 Critical gas production rate for condensate removal in 3.5-in 
tubing against 100 psia wellhead pressure, S.G. 0.70 gas. 
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3.5-in. Tubing, 0.70-S.G. Gas, 300-psia Wellhead Pressure 



Figure E-47 Critical gas production rate for condensate removal in 3.5-in 
tubing against 300 psia wellhead pressure, S.G. 0.70 gas. 


3.5-in. Tubing, 0.70-S.G. Gas, 500-psia Wellhead Pressure 



Figure E-48 Critical gas production rate for condensate removal in 3.5-in 
tubing against 500 psia wellhead pressure, S.G. 0.70 gas. 
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3.5-in. Tubing, 0.70-S.G. Gas, 700-psia Wellhead Pressure 



Figure E-49 Critical gas production rate for condensate removal in 3.5-in 
tubing against 700 psia wellhead pressure, S.G. 0.70 gas. 


3.5-in. Tubing, 0.70-S.G. Gas, 900-psia Wellhead Pressure 



Figure E-50 Critical gas production rate for condensate removal in 3.5-in 
tubing against 900 psia wellhead pressure, S.G. 0.70 gas. 
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1.66-in. Tubing, 0.80-S.G. Gas, 10O-psia Wellhead Pressure 



Figure E-SI Critical gas production rate for condensate removal in 1.66-in 
tubing against 100 psia wellhead pressure, S.G. 0.80 gas. 
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Figure E-52 Critical gas production rate for condensate removal in 1.66-in 
tubing against 300 psia wellhead pressure, S.G. 0.80 gas. 
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1.66-in. Tubing, 0.80-S.G. Gas, 500-psia Wellhead Pressure 



Figure E-53 Critical gas production rate for condensate removal in 1.66-in 
tubing against 500 psia wellhead pressure, S.G. 0.80 gas. 


1.66-in. Tubing, 0.80-S.G. Gas, 700-psia Wellhead Pressure 



Critical gas production rate for condensate removal in 1.66-in 
tubing against 700 psia wellhead pressure, S.G. 0.80 gas. 


Figure E-54 
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1.66-in. Tubing, 0.80-S.G. Gas, 900-psia Wellhead Pressure 



Figure E-S5 Critical gas production rate for condensate removal in 1.66-in 
tubing against 900 psia wellhead pressure, S.G. 0.80 gas. 


1.995-in. Tubing, 0.80-S.G. Gas, 100-psia Wellhead Pressure 



Figure E-56 Critical gas production rate for condensate removal in 1.995-in 
tubing against 100 psia wellhead pressure, S.G. 0.80 gas. 
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Figure E-57 Critical gas production rate for condensate removal in 1.995-in 
tubing against 300 psia wellhead pressure, S.G. 0.80 gas. 
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Figure E-58 Critical gas production rate for condensate removal in 1.995-in 
tubing against 590 psia wellhead pressure, S.G. 0.80 gas. 
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1.995-in. Tubing, 0.80-S.G. Gas, 700-psia Wellhead Pressure 



Figure E-59 Critical gas production rate for condensate removal in 1.995-in 
tubing against 700 psia wellhead pressure, S.G. 0.80 gas. 


1.995-in. Tubing, 0.80-S.G. Gas, 900-psia Wellhead Pressure 



Figure E-60 Critical gas production rate for condensate removal in 1.995-in 
tubing against 900 psia wellhead pressure, S.G. 0.80 gas. 
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2.375-in. Tubing, 0.80-S.G. Gas, 100-psia Wellhead Pressure 



Figure E-61 Critical gas production rate for condensate removal in 2.375-in 
tubing against 100 psia wellhead pressure, S.G. 0.80 gas. 
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Figure E-62 Critical gas production rate for condensate removal in 2.375-in 
tubing against 300 psia wellhead pressure, S.G. 0.80 gas. 
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2.375-in. Tubing, 0.80-S.G. Gas, 500-psia Wellhead Pressure 



Figure E-63 Critical gas production rate for condensate removal in 2.375-in 
tubing against 500 psia wellhead pressure, S.G. 0.80 gas. 
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Figure E-64 Critical gas production rate for condensate removal in 2.375-in 
tubing against 700 psia wellhead pressure, S.G. 0.80 gas. 
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Figure E-65 Critical gas production rate for condensate removal in 2.375-in 
tubing against 900 psia wellhead pressure, S.G. 0.80 gas. 


2.875-in. Tubing, 0.80-S.G. Gas, 100-psia Wellhead Pressure 



Figure E-66 Critical gas production rate for condensate removal in 2.875-in 
tubing against 100 psia wellhead pressure, S.G. 0.80 gas. 
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Figure E-69 Critical gas production rate for condensate removal in 2.875-in 
tubing against 700 psia wellhead pressure, S.G. 0.80 gas. 
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3.5-in. Tubing, 0.80-S.G. Gas, 100-psia Wellhead Pressure 



Figure E—71 Critical gas production rate for condensate removal in 3.5*in 

tubing against 100 psia wellhead pressure, S.G. 0.80 gas. 


3.5-in. Tubing, 0.80-S.G. Gas, 300-psia Wellhead Pressure 
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Figure E-72 


Critical gas production rate for condensate removal in 3.5-in 
tubing against 300 psia wellhead pressure, S.G. 0.80 gas. 
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3.5-in. Tubing, 0.80-S.G. Gas, 500-psia Wellhead Pressure 



Figure E-73 Critical gas production rate for condensate removal in 3.5-in 
tubing against 500 psia wellhead pressure, S.G. 0.80 gas. 
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Figure E-74 Critical gas production rate for condensate removal in 3.5-in 
tubing against 700 psia wellhead pressure, S.G. 0.80 gas. 
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3.5-in. Tubing, 0.80-S.G. Gas, 900-psia Wellhead Pressure 



Figure E-75 Critical gas production rate for condensate removal in 3.5-in 
tubing against 900 psia wellhead pressure, S.G. 0.80 gas. 
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Figure E-76 Critical gas production rate for condensate removal in 1.66-in 
tubing against 100 psia wellhead pressure, S.G. 0.90 gas. 
























430 App. E Minimum Gas Production Rate for Condensate Removal in Gas Wells 



0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 

Depth (ft) 


Figure E-77 Critical gas production rate for condensate removal in 1.66-in 
tubing against 300 psia wellhead pressure, S.G. 0.90 gas. 


1.66-in. Tubing, 0.90-S.G. Gas, 500-psia Wellhead Pressure 



Figure E-78 Critical gas production rate for condensate removal in 1.66-in 
tubing against 500 psia wellhead pressure, S.G. 0.90 gas. 
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1.66-in. Tubing, 0.90-S.G. Gas, 700-psia Wellhead Pressure 



Figure E-79 Critical gas production rate for condensate removal in 1.66-in 
tubing against 700 psia wellhead pressure, S.G. 0.90 gas. 


1.66-in. Tubing, 0.90-S.G. Gas, 900-psia Wellhead Pressure 



Figure E-80 Critical gas production rate for condensate removal in 1.66-in 
tubing against 900 psia wellhead pressure, S.G. 0.90 gas. 
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1.995-in. Tubing, 0.90-S.G. Gas, 100-psia Wellhead Pressure 



Figure E—81 Critical gas production rate for condensate removal in 1.995-in 

tubing against 100 psia wellhead pressure, S.G. 0.90 gas. 
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Figure E-82 Critical gas production rate for condensate removal in 1.995-in 
tubing against 300 psia wellhead pressure, S.G. 0.90 gas. 
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1.995-in. Tubing, 0.90-S.G. Gas, 500-psia Wellhead Pressure 



Figure E-83 Critical gas production rate for condensate removal in 1.995-in 
tubing against 500 psia wellhead pressure, S.G. 0.90 gas. 
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Figure E-84 Critical gas productinn rate for condensate removal in 1.995-in 
tubing against 700 psia wellhead pressure, S.G. 0.90 gas. 
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1.995-in. Tubing, 0.90-S.G. Gas, 900-psia Wellhead Pressure 



Figure E-85 Critical gas production rate for condensate removal in 1.995-in 
tubing against 900 psia wellhead pressure, S.G. 0.90 gas. 


2.375-in. Tubing, 0.90-S.G. Gas, 100-psia Wellhead Pressure 



Figure E-86 Critical gas production rate for condensate removal in 2.375-in 
tubing against 100 psia wellhead pressure, S.G. 0.90 gas. 
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Figure E-87 Critical gas production rate for condensate removal in 2.375-in 
tubing against 300 psia wellhead pressure, S.G. 0.90 gas. 
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Figure E-88 Critical gas production rate for condensate removal in 2.375-in 
tubing against 500 psia wellhead pressure, S.G. 0.90 gas. 
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Figure E-89 Critical gas production rate for condensate removal in 2.375-in 
tubing against 700 psia wellhead pressure, S.G. 0.90 gas. 


2.375-in. Tubing, 0.90-S.G. Gas, 900-psia Wellhead Pressure 
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Figure E-90 Critical gas production rate for condensate removal in 2.375-in 
tubing against 900 psia wellhead pressure, S.G. 0.90 gas. 
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2.875-in. Tubing, 0.90-S.G. Gas, 100-psia Wellhead Pressure 



Figure E—91 Critical gas production rate for condensate removal in 2.875-in 

tubing against 100 psia wellhead pressure, S.G. 0.90 gas. 



Figure E-92 Critical gas production rate for condensate removal in 2.875-in 
tubing against 300 psia wellhead pressure, S.G. 0.90 gas. 
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ure E-93 


Critical gas production rate for condensate removal in 2.875-in 
tubing against 500 psia wellhead pressure, S.G. 0.90 gas. 
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Critical gas production rate for condensate removal in 2.875-in 
tubing against 700 psia wellhead pressure, S.G. 0.90 gas. 


Figure E-94 
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2.875-in. Tubing, 0.90-S.G. Gas, 900-psia Wellhead Pressure 



Figure E-95 Critical gas production rate for condensate removal in 2.875-in 
tubing against 900 psia wellhead pressure, S.G. 0.90 gas. 
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Figure E-96 Critical gas production rate for condensate removal in 3.5-in 
tubing against 100 psia wellhead pressure, S.G. 0.90 gas. 
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3.5-in. Tubing, 0.90-S.G. Gas, 300-psia Wellhead Pressure 



Figure E-97 Critical gas production rate for condensate removal in 3.5-in 
tubing against 300 psia wellhead pressure, S.G. 0.90 gas. 


3.5-in. Tubing, 0.90-S.G. Gas, 500-psia Wellhead Pressure 



Figure E-98 Critical gas production rate for condensate removal in 3.5-in 
tubing against 500 psia wellhead pressure, S.G. 0.90 gas. 
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3.5-in. Tubing, 0.90-S.G. Gas, 700-psia Wellhead Pressure 



Figure E-99 Critical gas production rate for condensate removal in 3.5-in 
tubing against 700 psia wellhead pressure, S.G. 0.90 gas. 


3.5-in. Tubing, 0.90-S.G. Gas, 900-psia Wellhead Pressure 



Figure E-100 Critical gas production rate for condensate removal in 3.5-in 
tubing against 900 psia wellhead pressure, S.G. 0.90 gas. 



























































































































Index 


Index terms Links 


A 


Annular flow 

HD 

HD 

60 

241 

API gravity 

115 1 

1 118 

121 


B 





Boiling point 

212 




Boyle’s law 

183 




c 





Coal consumption 

0 

0 

0 


Compressor 

fTol 

\™\ 

[T57 


164 


178 

211 

275 


Centrifugal 

155 

170 



efficiency 

10 

155 

164 


170 

compressor 

10 




polytropic 

155 

170 



volumetric 

154 

175 

179 


horsepower 

155 

161 

200 


actual 

165 

170 



brake 

164 

167 

178 


gas 

161 

200 



isentropic 

157 

161 



jet 

271 1 




polytropic head 

171 1 

1 175 




170 


This page has been reformatted by Rnovel to provide easier navigation] 


443 




























































































































































444 


Index terms Links 

D 


Dehydration of natural gas 

123 



cooling 

69 

126 

131 

153 

glycol circulating pump 

146 



glycol dehydrator design 

135 



packed contractors 

132 

147 


stripping still 

132 1 

1 147 


Density of gas 

101 1 



E 




Enthalpy 

157 

161 

177 

Enthalpy-entropy diagram 

161 



Entropy 

157 1 

1 161 

177 

Equation of state 

mj 



F 




Friction factor 

53 

200 

204 

205 


215 

217 

238 


G 




Gas deviation factor 

29 

157 

193 

208 


219 



Gas well performance 

90 



Gathering lines 

233 



H 




Hydrate, gas 

0 

Hill 

254 

292 

inhibition 

263] 

1 266 1 


Hydrocarbons 

n 

mu 

146 

262 

heavy 

Tso] 




This page has been reformatted by Knovel to provide easier navigation. 

















































































































































445 


Index terms 


Links 


Hydrocarbons (Continued) 


light 

13 

134 



liquid 

94 

127 

129 

132 

I 

Ideal gas 

do] 

M. 

ED 

[69 


163 

219 

1 248 1 


Ideal gas law 

157 

170 

dzD 

184 

Inflow performance relationship 

HU 

m 

EH 

El 


dH 




L 





Liquid loading in gas wells 

292 




M 





Measurement of natural gas 

179 




flow rate 

179 




liquid 

195 




Mist flow 


247 

HD 

254 

Molecular weight, apparent 

QT] 

[26 

[ml 

118 

fi74l 

[262~ 



Mole fraction 

0 

[IT 

dD 

28 

El] 

dH 

[216] 


Mollier diagram 

HD 

dm 

dm 

169 

N 





Natural gas 





composition of 

2551 




consumption 

0 




conventional 

0 





47 


149 


36 


This page has been reformatted by Knovel to provide easier navigation. 








































































446 


Index terms 


Links 


Natural gas (Continued) 
geopressured reservoir 
tight sands 
tight shales 
water content 


Orifice meter 
basic orifice factor 
charts 

direct reading 
recording 
square root 

computation of volumes 
expansion factor 
flange tap 

flowing temperature factor 
gauge location factor 
manometer factor 
orifice flow constant 
orifice thermal expansion factor 
pipe tap 

pressure base factor 
primary element 
principle 

Reynolds number factor 
specific gravity factor 
supercompressibility factor 
temperature base factor 
Outflow performance curve 



123 259 


179 


182 


184 


189 

186 



183 


186 


186 

189 



182 


185 


191 


180 

189 

197 

198 

182 

183 

190 


182 

185 

191 


182 

184 

191 

195 

181 




182 

185 

191 

195 

180 




182 

183 

190 


180 




197 




182 

195 



138 

182 


191 

182 

184 

1 191 j 

196 

182 

183 

190 


81 

00 

0 

OO 

'-J 


This page has been reformatted by Rnovel to provide easier navigation^ 






















































































































































































































447 


Index terms 


Links 


P 

Panhandle equations 
Phase behavior 
Pig 

Pigging 
Pipelines 
diameter 
looped 
parallel 
wall thickness 
Pressure drop 


R 

Real gases 
Relative roughness 

Reserves, proved 
Resources, potential 
Reynolds number 


210 

Too 

269 


282 284 288 292 295 


200 


221 


230 


57 


182 


200 229 231 


65 


202 


119 


208 


208 


226 


227 

225 


230 


134 


180 


222 


257 


156 

166 




54 

63 

83 

87 

90 

201 

E 

E 

1 203 

210 

213 

216 

El 

El 

69 

182 

195 

201 

218 

202 

210 

213 

216 


s 

Supercompressibility factor 


182 


184 


191 

196 


T 


Thermodynamics 

ED 



Transportation, gas 

E 

ED 

199 

Transmission factors 

1 220 | 




This page has been reformatted by Rnovel to provide easier navigation^ 

























































































































































































































448 


Index terms 
V 

Viscosity of natural gases 
flange tap 

flowing temperature factor 
gauge location factor 
manometer factor 
orifice flow constant 
orifice thermal expansion factor 
pipe tap 

pressure base factor 
primary element 
principle 

Reynolds number factor 
specific gravity factor 
supercompressibility factor 
temperature base factor 


w 

Wall thickness 
Weymouth equation 


z 

z-factor 


Links 


32 


180 

182 

182 

182 

181 

182 

180 

182 

180 

197 

182 

138 

182 

182 


183 


189 


197 

183 


190 

185 


191 

184 


191 


185 191 195 


190 


195 


182 


184 

191 

195 

184 


191 

196 


183 


190 




200 


229 


231 


200 


207 


210 


213 

215 

217 


220 


222 


225 



29 


157 


193 


208 


211 

219 






This page has been reformatted by Rnovel to provide easier navigation^ 















































































































































































































































